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[ 0 0 2 1 ] 

mnrzm^^^-t & p ( 

i-£^<?>T-3S-g.o t fz . 

£ fzibco 

[ 0 0 2 2 ] 



1 



p HA^^icM4tsi^f<7)^s^-b -v h ^ m m \z n & n> 

is J: Z tlz & *) , ±frM'&fr~o 

3HB-C o-3HH) ') ^ * t=- ;u ^Uie.-? Z 77 v£ 



* % % ^ a 

t -5 3 h t i 
) i: T -b h T 

i&fe-t s ) ^ 

Lt. Z tl \Z 

(KT, 3 H 

) t CO 2 

^ ® \z ± m -? 

t- ^ <?> M is 77 

^/ fc* ftj §n 2 

[ 0 0 2 3 

i" & *> . * 

J£ 7U I? ^ IS TK 

f5X tl fc> ft* 2 =i 

') X X t ;b 
*%B^tt. £ 
||! # ^7 :r -b h 

i^ikco * 'J t 

CO t; h* n^fy 



x _t ttfi fiH 

■bf ^ C o 

b t i&ie-r 



§ ; hie 

'J I 7 N T 
'J I 7x T 

tl # ') :c 

<77 ^ 83 & 
] 

=r t b*3$ A 

fz. -hie 
fz „ ± le i$ 

T -b ^ ^ C 

F D y 7 
T 4. 7> > S£ 



AIte 

OC 7s -T" 

St] L fz 



-t^ < tll^^tfat^Is ^ ffl & £ <D ^ 

/7^^>ia^SISfif (lilT. phaCt 
illfef (EC 1. 1. 1. 3 6) (lilTA p 
;U h - ^ <?7 ll feTMt*lC if $Ci| A l rzBW&m 
'J x x f ji, J: L T 1r ffl '14 <7) ^> -5 3 - t Kndfy 
3-t Hn^fy^^^;i-h (WT, 3 HH i: 
>u (I71TA P (3HB-co-3HH) i: B&lQi" 



v£ ^ SB m 
hbBt 

s ) 



IB 

7x -T- ^ 



77 v£ T* -5 o 3 «b ic . * ^ BH ^ ^ 2 tl -5 # V 3i 
<v M OH 77 T? * . *fcx *%b^ ttjtfe^ii Ale 



# 'J X 7 

X 7 N T 

X -T- ;U <77 



'J t H a ^ >- T 7 )l 

O A]ffi7E^^]fife 

O o 



77 

i > o 



'J xxfitffKti 3 t 



'i C o A 
M77 XU 

x _tl Etta 



>l 7> > 



% <M 9P 3 ic «k 9 * 'J 7. 
'j 7s -T- ^ <r> M m \z is v ^ x . M 

<77 m. % m m -t z z t \z & *> # 

§ o 



I7.f^ 



ChlCj: »K ^mmH^ - ^7 £ C 4: % Iff & t ~f £ IJR V - * - 

<?> 0 S ffi T* #> £ . 

WT, # ^ Hfl k: o v * T I¥ SHlc ift Bfl i- 5 . 

[ 0 0 2 4 ] 
( 0 ) ffllg^l^B^ 

E^iJk:^a*AtiS . 8(1 <*> D N A^ff At5 . *>Svm±. Iftf i± -5 

Ci:^i- 0 JUS ^ Bfc gt <*> * . **>flfcig3 ilfcjfi^ fc*mR N A^i??§ 4 < & *) . 
ffijfji-f^ A*ffJlR£ tiftu. *>£W±> 3te^3iifcmRNAjb*^7c£ftfc#>. UJlR2ii£ 

[ 0 0 2 5 ] 

A D E 1 laiKT 1 i: H . ^ a ^ - 9 -ffii&t: #t? 5 * ^fflIRSRtj£ £: * ^*')«y*7; ; >f 

;7'/-t-^?y M4t^^;F«l (EC6. 3 . 2 . 6) 

-7 >i h-^^ADE 1 mfkJ-^Ummm !iGenBank:D 0 0 8 5 5 \z £Hi§ £ ft 

U R A 3 lifeT t a . 7' n t — ? -^t^^#t? 5 ' IN»f^«fiS i:*a*^>-5 ' -* * 
7i-hf*4#Jfyl,-7, ( E C 4 . 1. 1. 2 3 ) % n - K ~t 5 ffii&M.Ulz 9 - 5 

^<?)U R A 3 fifif <?)iSi£?UliG e nB ank : D 1 2 7 2 Olc&Hg^ftTv^&o 
H I S 5 itfeT i: t±x 9 t? 5 * #ffllR^I^i: 

i-F-75 ;F7>X7x7-ti (EC2. 6. 1. 9 ) * n - H ~t -5 V lz 9 - 

5 7 -4fifiS*#t? 3 ' IN » f( « fiS ^ "b ft £ 3l € T lit A" ^ ^ i- o ^ft>f 
- -4- cdH I S 5IftfwISSJiJ tJ Gen Bank : X 1 7 3 1 0 \z &i§ 3 ftT £ . 
[ 0 0 2 6 ] 

ADE 1 DNA»fA-MJ. ^4ti)SrtT'*fe#±^ A D E 1 at feT t ffl Is] © ffill £ % 

f tltioTADE lifif 4tiT§5DNAt^LTv^„ 

URA3 DNA(ffrkli> £ *fo 8H U 1*1 T- ^ fe # _h <?> U R A 3 it €T t ffl TO & £ * & 
:t: tij'T'i, f fttJ:oTURA3I€f 41ftSnJ§4DNA4^LTv^. 
HIS5DNAI^MJ, fcft £ & IB US 1*1 T- ^ fe # _h <?> H I S 5Hif tffl^^ffiix^jg 
CtcH'T-S, f tile JcoTH 1 S 5Iftf ttiT'§l)DNAt^LTv^. 
[ 0 0 2 7 ] 

.IS ^* ^ o 

h*t5DNAv SVKft^tl, ^-?-^#t?DNA^bl^$*l§DNAT' 
[ 0 0 2 8 ] 

PHAfclJ, * 'J t H n Jf- y 7 ^ 77 > ^ <7) l§ T *9 . 3 — t H n ^ y t ^ t)> tt^l^ 



*K t H n * is ~r >v # > 8£ ^-fiK^ ifeai feT ^ ^ LTV^i, 

phbBhlt *CoA%l7CLT3-t Fo^y^f ') ^-CoAt^B^ 

[ 0 0 2 9 ] 

( 1 ) 

*%flTvnSi!: LTIi, «R<*>iHST*JI2W3te&-?S tttt J: < . K ** <o ft & B9 ( #U 
ittlFO, ATCCI) iz^giZ il-Z\i zm^Vkfem-f Z Z t h*T*£ £ . £f S L < tJ 
» ii.M)Mfb**<^tl^H*'l4^Slc»ftt^*i--5^T*. ^t>r^l (Candi da 
n^xtoi (C 1 a v i s po r ai) , V) 7> ^ (C r y p t o 

coccus!) x ta*'J tv-lt^i (De b a r y omy c e si) . u-r^u^-f-fe 
^ 13 (LodderomycesJS) . v^tM (Pi chi a M ) . oFh^i ( R 
hodotorul al) . x # 'J -rM ;f # ^ ^ jg (Spor i diobolusfM) . 
7x- ; f-77'y'T , 7x^7 7s,fa (StephanoascusfS) „ "V n ^ >r t 7 fM (Yar row 
i ad) 4ir^)Sf ^^ffltsct* 1 -?!^. 

[ 0 0 3 0 ] 

*^y=r 4 ?m<r>*-z\,. iff \zm.m&it*M^lMn%W<vWitmtlb*n^}&X* a l b i c a 
n s fit . ancudensisfi. atmosphaericaflL a z y m a I > be 
rtaefiu blankiifi. butyrifi. conglobatali, dendr 
onemafiL ergastensisfiL f 1 u v i a t i 1 i s 1> friedri 
chi i 8^ gropengiesserifiL haemuloni ifl> incomm 
uni sft. insect rum ft. 1 aurel i a e f IL mal t o s a }l , mel 
ib i os i c a f !L membrani f ac i ensfiL mesenter i cafi. 
n a t a 1 e n s i sS> oregonensisflL palmioleophilaS 
. parapsilosisli. psudointermediaflu quercitr 
u s afiv r h a g i i }1 r u g o s afl> s a i t o a n a 8 > s a k e Wi. - sch 
atavi i f IL sequanens i sfS. s h e h a t a efl sorbophi 1 
all. tropical is fi. valdivi ana fit, v i s w a n a t h i i fM 

Zilh<r>m<r>^X**j x i%mm&*? JBSfctt ^ h n \z v >i V - (ma 1 t o s a ) ft fc* 

[ 0 0 3 1 ] 

14 M JR •=? - Ji -mftT-Sj la] iff izftlilzm A LTtrl+tt. ilK^tlcf^IlR 

jR7-*-HTffli^:Ht'§5, z ft <b li . Ift-fffflLTtivas ffl a 
[ 0 0 3 2 ] 

\zmmt ttK^^s&tikmwfr'&mT'&z* z<r> -? &*«^:d<Msm c^st*) a 

, zhn i ;77y-> J pif * > <?> ^ ^ 35 ^ ffl fz => > 7Af Slig 

iM \z J= o T 55C#-T £ 3 ib*T* S £ f g^aH^gpffbWHct AoTv^^T 66 14 )b*^ 



s ilJR — ^7 — ia 



ftf 3 t IC J: 



fflv^fc. ADEL HI 
AHU-7 1 t* l± . H * 

v ^ & ^ + > -r* -i y ■ -? >i 

:FERM BP-73 
> 7* -f 57* • v ;u h — -t A 
1 5 H ftTl*£tf 35 vi A 



S 5SVURA3 * * 

< If rtJiiC 1 TI lfitl^*! 
4. %Q It -b > ? - ic . 7* r ^xh 



I. 



^tsMfc^mAm D N A^^Silcip A L 
[ 0 0 3 3 ] 

* IE Bfl <7> H 0j T* 

-f r • )i v — 

4 Scfcff iRS A 
Tll^f It $ tlT 
1 5 B „ SltS^ - 

» f is i 5 ¥ 8 n 
^ ic _h ie *t ± ic & 

T t HO 36 ^ <b « & 

# S $s l£ -* £ 
[ 0 0 3 4 ] 

( 2 ) P HAni 
P HA^^Il 
[ 0 0 3 5 ] 
[ft 1 ] 



o X 



h-^-AC 1 6 ** ( Sf6 0 : 1 2^1 

6 6 ) ^f$m l . '&m<7>^Mm 2 tcie®<7> 

HU-7 lttiJ, P - 1 9 4 9 2 <7>Slt 



T" 

6 \Z 
1 £ 

t r 



^ilftT i: T ~b h T -b 



fij ffl -e § & t <?> m a It v $J 35 ft tC * % Bfl 



* < 

tfO 



^ >i C o AjffiTuS^^ia-fe^F 

n*v^*. ±ie-«^ ( i ) 



R 



HO — CH — CH 2 — C — OH 



O 



(1) 



[ 0 0 3 6 ] 

( + . R tt x J&^» 1 — 1 3 <?> T >l df- ;U 3£ f|-$- . ) T^§il*3-t |*n^y7^* 

Itftt^LT^S * 'J x ;l * $ Sf&mmmfzTbm £ L < . TfS^ ( 2 ) 

T^$tlS3 — t Kn^yiihTlfiit (3) T^$tl<63 — t h'n^y "sJf^>|J:^ 
^m^- L T 4 'ix^f^P (3HB-co-3HH) J$ # jfe ^ #> 5 

i: J; *) iff * L 
[ 0 0 3 7 ] 
[ft 2] 



CH 3 

HO — CH — CH 2 



C 
II 

o 



OH 



(2) 



[ 0 0 3 8 ] 
C3H7 

HO — CH — CH 2 — C — OH 



(3) 



O 



[ 0 0 3 9 ] 

_hlBP HAnllllfif t LT, Mx.lt. ffif 1 0 - 1 0 8 6 8 2 i> $6 lc Irl IS 2 fl 

P H A a^Siifif tfflv^l, C i: t>*X*B Z> <, 
£fz. ^^afltcfcv^Ttt. ±I2P H A Sf&mMMfz^- 1 ±±[c. t -b h t -fe * >i - C o AM 

— C o A ^ ii tc L . ( R ) - 3 - t h'n^y '/f 0 >i-C o A^^ltt^StttfLT 
v^^^al-£^T-*>tlli=k<. fj £ \t . 7 ^ X h^T-^-hn^r (GenBank: 
A A A 2 1 9 7 3 ) . ^--K^-^Xsp. 61-3 (G e nB a n k : T 4 4 3 6 1 ) 
. X-7oi7 • 7 (GenBank:P23238) . 7 ^ ') y i ^ X • U ^ 

7xSH-69 (GenBank:AAB65780) i*<7>g$*3IfKY & ir fc* *U ffl ? § S 

oA^ (R) - 3-t Kn^yjyi-CoAlctit^ (R) g IB x J >f ;i, — C o 
AtF7?-t* (Fukui T . # . F E M S Microbiology Lett 
e r s . 170:69-75 ( 1 9 9 9 ), tPif 1 0 - 1 0 8 6 8 2 ^AM) . T -b 
^ ^ - C oA^^ifbLT3-h h'a^y^^ 'J ;U - C oAt^ti £ ^ b- * * 7 — <\£ 
(Peoples OPf, J. Biol. Chem. 264 : 15298-15303 
(1 989) ) . S-yhT^'i-CoA-T^'i^^^T-v'u^^ ym.itm$km.fcT 
(Taguchi K. f, FEMS Microbiology Letters. 1 
76 : 1 83-1 90 (1 9 9 9) £ £ tf h ti £ . 4# lc . (R) - 3- tHa^-^-^ 

[ 0 0 4 0 ] 

*f£Bflii. P H A D^Siifif (phaC) kTtFrtf^-Co A 31 tu » H ia 
(phbB) ^lBjB#Icfl!o5*b<7)-?£>£ < , 

* ffc Bfl T- li x 7xnt + x- ^-tt'ii*wphaC (iffHf 1 0 - 1 0 8 6 8 2 
Fukui T. I, FEMS Microbiology Letters. 170: 
6 9- 7 5 (1 9 9 9) ) }:70XF-7 • ^- h o 7 ri*<^ p h b B (GenBan 
k: J 0 4 9 8 7 ) ^ffluSCi: fc*T* § . ±12 phaCtLTlL g£^J S^f 1 T* ^ cf ii -5> 

*F * L < . _hie phbBUTIL E?U g^f 2?i^n§7^ ; IfcKfll *^^57AXf 

cti^^ia^Ta. HM»«r»lfe«'lt**-r -5 FR- 0 . ii M ia T <?> ^ S ffi^J tc X^. g& 
. ffAi^)tSi) s 4i:ToT^v^^J:t5. fit, SttJl^^ ?i±B£#l*IT* 

[ 0 0 4 1 ] 

Jff ic . * f| Bfl <7) ± lc m ^ -5 ^ ^ > ' f >f y • 4, b -^tf <?)-g^A-t>T ^ r n g # lc 

It^^oTuS Z t i) 1 ^ btlT^I) = ^ * y r • ;U h-fT*lio -f > K > <7> 
CUGft'-b'JXcif^Snsfcft (Oh ama T . V . Nucleic Acid R 
es.. 21:40394045 (1993)). "AUSi* 1 a c ZJHS^fc*. v£14t: 
Jf o 0 Jf=> 9 V i/ - 4i tc IH IR 2 *i & (Sug i yama H . V. Yeas t 1 1 
:43-52 (1995))oC<?>Jc-7 \z mUM fz=r * UBi. $ i±£if i^lctt. *ftfc*^* 

* > t» -f r • v ;u h - -4- % ?g ± t i Tmmmiz^'k^Mz i±z>ms. mmt l t a ^ ^ > 

=1 K > ( C U G) ^Afftfl. C i: *»^ff * L < . $ 'o lc ^ J; < ISm^ ■£ 5 £ #> ffe <?> T 5 
; ie =i H > ^ ^ > ^ -f ^ • -? >l V - +»" <J0 t ^ ic ^ ^ -t± T t ^ . n H > <7) ^ |^ ti . f J x. 
iiWolf K.Sf Nonconventional Yeasts in Biot 
echnology.^oi4i<7>Mauersberger S.^rif. Candida m 



al tosa p 5 2 4 - 5 2 7 ^#^i: L Tfr £ li&v*. 
[ 0 0 4 2 ] 

4- *D <b*iTv> -5 fc*. 4f ic tt T il ft I ^ ff3 ^ (*f ffl 2002-1 99890 ^i>$6) 4 ir 

o < o <t> g£ ^ ^ ^ # ft* Ji. ft 3 *u ^fjiStcfe ux^f^MI? * ,k ») _hi" 
Z> Z bfrffiU £ ft T -5 (T. Ki chi se# App 1. Envi ron. Mi cr 
obiol. 68, 241 1-2419 (2002) . AmaraA. A. W Appl 
•Microbiol. Biotechnol. 59, 477-482 (2002) ) . 
[ 0 0 4 3 ] 

£tz. =( > f - - 9 t-Z'&MmizT <?> -* *S 3i . £ tz \t^M £ ft * jA#«li^ £ ic. 
47; J @£^S^iff -5 3 i: t x iitt7'D 77i,Sh r i k e ( iff HI 2 0 0 1 - 1 8 
4 8 3 1 ) 4 ^ffluTnllT'tli. if f£ Bfl IC i> It § p h a C t L T tt . fj x. ti\ T x n 

tfx • * p HA^sii€f^)7 5 ; mmn iz. zn t}<7>^m-%mm l 

T»<bft£ . WT^ ( a ) ~ ( h ) uftlij^r 5 ; BfrK«%^$: < i: t-ol^Ji^f o tz 

(a) Asn-149^Ser 

(b) Asp-1 7 1SG1 y 

(c) Phe- 2 4 6 ^SerifcliGln 

(d) Tyr-3 18tAl a 

(e) I 1 e-320^Ser. Al alfcttVa 1 

(f) Leu-350tVa 1 

(g) Phe- 3 5 3 tThr, SerlfcttHi s 

(h) Phe-5 1 8tl 1 e 
[ 0 0 4 4 ] 

i:T\ Mz.lt. T A s n - 1 4 9 J t u 7 <r) It . EJiJi^l^T' ; mMM \z T 1 
4 9 ft g <t> t ^ > ^ M * L . ( a ) ^7; ; ti 1 4 9f B<?)7XA-7^>t 

-b y\z^tm~t % z t^fjts. 

[ 0 0 4 5 ] 

^TMti =k 7 IC^ff L . IOT; ; mmm±.T 5 ; J: >9 1 4 9iilC#ftfS7 

7 ^> ^ t 'i > ic lit I. J: 7 lc fti L D N A ( p h a C a c 1 4 9 NS il&t) 
tf> IS S E ?U £ K ?U § -f- 4 tc^-to isfc, "7 a x h — T" • ^- — h o 7 tM^)p h b B^^r 
t>f ^ - -5) J; 7 lc 13: ff LfcDN A <7>MSK#J ^ . MM S¥ 5 lc ^ 

*%B|lcfclt5phaC, p h b B li , SJDSf 4 < 5 <r> <?> PIS £ ft"? . ^MS^ia 

fef^>7; ; s^ie^j **^r * > t' r • v ^ h - \h t*?£M$ ti z> u^mM x^nxt. u & 

[ 0 0 4 6 ] 

p h a C . p h b B^iilSl (^n '/^, c y t o s o 1 ) Ti£3S£ H± 2>Mn\z It 
z^Silv^i)*, cft^^is-feT^^^*^ V - A lc ^ & $ -tt & at fe^ ic 3C ^ L T f$ 

(WOO 3 /0 3 3 7 0 7 ) . 
p h a C x p h b B^^'iir^-y 7 — A m ft $ * -6 fz tb iz It . z ft h ^MMM&T- <^ ti 
>i t* * is 'i 3fc3ffl \z >i ir * is V — U @S fS] ^ r t ^ L T 3 o <J0 T 5 >» ^SC^iJ ^ ^ ^ T ( 

t 'J >/7 7 ->/y Xf -f >) — ( 'J y>/7i^f->/t Xf y>) — n >f ^ > J 

ft /jo g tif-se^j % ^ - k -t s SftT^ffl v^s c t § -s. c i:t\ #Jx.a\ ( 4r > / 

3 i: ^ ,W. tEf; t" -5) o 

[ 0 0 4 7 ] 



nrz. n ft a iz w tE-t % 9 o <^ -f 5 ; &ie?y r ( T ^ ^ - > / V i> > ) ( a >f x > / 

A''j>/^f ya-iy>) (57; if ) (txf (n-f^>/T7 — 

D N P H A^R^tc ^^i-^a^TlcJf A. ftftfli 3 tic J; oTt> |s]l$*3afeT% 
^ ^ * ^ is 'J — l*\zmi±£ & Z t^XBZo 
[ 0 0 4 8 ] 

^IC nn>F'J7?phaC, p h b Bib'Mti «k 7 d ft <b <7)3afeT^ 5 h =3 
> K T lzm$}$ •£ Sfc-fg^lcSCfEL flgfflti £ t$jX% So Cft^<7>3sfeT^5 

H «; T IC Jfft $ it & 36 IC li . 7; ; tC 5 h3>F M T IC M ft ft L T LTl^l 

91^^ #3 ttftli «k i*. #JxAi^ h ?a-At^y ^--If^TCA-t^ ^^liii* 
^ jb*^ l-f ^ ft -5 . 5 h n > K 'JTlciaKlLTf&aLTV^iaicOT^ >> * Jlfi fc> <b 1 5 

Slttl, HL<li4 OiSWl^^-Ft^Iif^, P H A^fi^lC I4t^i€f 
<T} 5 ' ffl_LSftlc 7 u - Ajb*i*ft#u Jc 7 leases if fcit^^^fflv^tili «k z £0 fff ft" fin 
£ B* iHS ^ i: P H A^/^tc^^i-^jtfeT^PBllCT 5 ; Ifc8*<7>^<&5«:lr^%3ei+ 
5fcft^)';>*-E5!l4ffAt« o it fe^ lc ffl i" £ il feT li . *5£W 

<r> ffy H m m \z m § ft ± M # i * <?> t <o fc*#f * Lo^, ^ti^^iist^'eii&v^ 
[ 0 0 4 9 ] 

d ft «b . ^-f h '/^, n Or df- ^ v - a . 5 h 3 > H 'J t tc ffi [«] -t -5 £ 7 Ic 3 ft it 
fif Uia^ffl^SCklTSiii'v ^flWltfflv^Z t phaC. p h b 

B t LXlt. ^>iir^r^ V - ^ffifa x r ^ ft fln 3 ti T v» * «t <7) ***F * L^„ 

[ 0 0 5 0 ] 
( 3 ) MfeT Hm^-fe v V 

# fE Bfl IC ffl V* £ P H A nltiilfEf !:7-bF7tfiC o A3S7E^^3ifeT^I&3a^^ 

•v Mi. IHIfif<7)5 ' fflilt^nt- 9-. 5 ' ±.Wlt&y£jkitmn (UAS) 

D N AEflJfcjtJiS t . ^l^aafeT^S ' TiTUc * 'J A ftfln > r + >u . 7 - 5 * - 7 -^tf> 

D N AEfll L T fPlltS - t ;b*T* § S . 

# T* & 86 f -5 9 -JkU 9 - 5 ^ - 9 - ffi 3 tl T v> S C t Lv^„ 

[ 0 0 5 1 ] 

ffifflf^'o^?-, 7 - 5 * - 7 - li © Hi" -6 t <?> T' *> tl li £ <r> J: 7 * ffifll T 

^ fiJ ffl T S -5 o ^nt - 9 -\zitmf^m\z^M^ y ir 1 t ^ Sli? © lc ff 7 

S**. v^-f tl<^ 7' a t - ^ - ^fflv^T t «k v^ 0 _hie 7° a t - 9 - t L T ti . ilifM^) 

-id t L T ffl M a lc ti 7' a - 9 - t LTli^rtvr ^ ^ • v >i F-^^ALK 1 m 
=r (GenBank D0048 1) ^7'at-?-ALKl p (WOO 1/88 1 44 
) . A L K 2 mikJ- (GenBank X5588 1) W7'nt-?-ALK2 pitffl 
uKt **T* M tc . 3tl^^7'a€ - ( T >i il > U X # > x 

t _ ^_ (y^^^ ( 2002 ^B^m^it^±^mmm^m > p 1 9 1 ) ^mm-t&zt 

(se^us-^- 6 ) o 

[ 0 0 5 2 ] 

?-ALKl t (WOO 1/88 1 44) ^rfc. _LI£7/n;E- 

*lB|5lcfeuTlJ, _hie 7° n t - ^ - , ? - 5 * - ? - fc* . ^ > t» -f T*» ftfei" £ t 
(?)T*i>4 ca^J L < . * > ^ r • v ;u N - X tSk tfe-f & ^ X' 3b S C t )b* =k ») #F 

# L < . _h Ifi 7° n t - ^ - . 9 — U-?-^v>7'^' ^ih-^i^Tfti:!: 

tc t Lu„ 
[ 0 0 5 3 ] 



* 3& Bfl co #f £ L 0JIB IC is \^ X . _h 12 7' n t - 5? - a x ^^^-^>-V — AEftx^-MUfc 
Kti DN Aib*N-^P^ flfzP HA^fi^Sitfif , MVt, ^ i t ^ y V — A£|Sly 
7+;^n-Ht5DNA jb*N"/ja $ fl tz ~r -fe h T -b ^ C o AMitM Mmir,^-^ 5 ' ±Wl 
ic ii ? ii jI*d 2 *l . ? - 5 * - 7 - . ^^^-^-^ 7 — K IS] v r ^ £ ^ — K ~t £ D 
NA^ttftn^iifcP H A DfiK^^lfef , ^ >i ir* is 7 - ARft ~> 7 + >i * n - 

KtiD N A)b*tt7jn£ ntrthT^fiCo A 51 7Cg£ * ii fc=? <r> 3 ' TiTUc. f nf ii 
nl lS 2 *1 -5 (WO 0 3 / 0 3 3 7 0 7 ) . 
[ 0 0 5 4 ] 

-7' a t - 9 - t 9 - 5 ? - t * p h a C . phbB icnllg L . if m <0 m ik =? ii 
V*Wm~t h^'&lt. :ff icFfIS 2 *i ii ft * n jfe $| ^ <?o f& ic t . frJRi 

Si^fitf^itSfcftlcPCRaiflJfflttS. 0J£l£. WOO 1/8 8 1 4 4 lege® 

<?0 7a V£ <b* f£ ffl T? § * . 

[ 0 0 5 5 ] 

( 4 ) Jfmfift* 

U TTi < Ifif f&Bl jb*f^a| 2 *i £ t <o co 1 MXlt^f-tfrXlh*) . p h a C <7> 3& # «te *y 
h <7) gc t p h b B <?> f£3& Hj -te v V co ®l ii . f5f fl 2 M lil _h<&^ T *> -5 3 i: * IE Bfl ic «k 
9 ^ 2 ti/io ^W±co P HAa^^Slffilni^ftl ft «b fti^FJ! 9 il At§ l&3a^7-fe -v h 
co St ic frj Fl ii ft < . ^v*/? Lv*. £f U L v*fE^#-te v Y $Ui . m^^>7u=E-9- 

cofiMic t «k s *>*, '/p ; &-?-ARRD5fflv^;in« ^ic 2iW±^At§ c tft^ 

[ 0 0 5 6 ] 

^ ^ 9 - % ffl X ft ± & m IZ m At -5 Jt & ii . #J ii\ ^ > ^ ^ ^ • v ;b h - -4- tc 
T giitifiTl^p UTU 1 (M. Ohkuma, et al J. Biol. Chem. 
, vol. 273, 3948-3953 ( 1 9 9 8 ) ) ft^^H-tlcM^tn 
^ISff ALfc%S^ ^ ^ - ^ iSi -t ti ii «k v^ 0 
[ 0 0 5 7 ] 

%3E^7-b -y h ^^fefrtclf Tavi^fflv^S Jf^-ii. Mz-lt. ffi TO fr5 ffi^ Z. M X § 

v***$f*Lv>. SfeTg^vSic ± *^m^7-b v V co%k&fa-\coffi Aic ii . t-f%3E^7-b-y 

Hfn-^M^-^ itfzD N A (lafeTa» Affl D N A) ^ffluKH'T'S^. 
[ 0 0 5 8 ] 

^LMijlz v V ti if ^ J¥ A 2 i±-S^ffe#±<?>g^ii. ^ ic 0 S 4^ ^ ft I^W * ^ x & v^i 
Ox ft ic ftj Fl ii ft v ^ Mfz=FWAmDN Acof5})Q\zm£2 Vtz. m At § ±<y>la 
T i: <JO ffl TO 'tt ^ is* Jl ii . *F * L < ii 1 0 JggJU±. J: ^ t L < 2 0 0 JgSW±. ^ ic 
iff* L < ii 3 0 OlSlUT**^. M n n co +B Is] 14 li . ^f* L < ii 9 0 

_h. «k 0 <fF * L < ii 9 5 %M±.X3hZ . IP*». iafeTK^J^W^^tiTv^g^icfev^T 

[ 0 0 5 9 ] 

fflTO'l4^{& < fflTOfflfi5^***ec 0 ic < uif^-ic ii . ^fe#_hcoi| ASPfi^ jffeT^: ^ n - 
— y 7 LX l$.m-f Z> C fc ft»T'S *c ^fe#_h<7>4> A -fe ^O at T ^ ^ n-^> 7-?Z>fzdb 

"t* "i 7 • t >i tr ^7 > x cose^ij % 7Uic P C R ffl 7° ^ >f v - * ^ff L M ftJ-m >t>S * ft x. ii «k 



. * fz . A W ^ B£ # 33? fe # DNA7 ^7 'J-J; »), ^7*nv^7s - tltyx^ 
>S^ffluTK#tl>:ttT-^o 7/n-^ti. P C R ft £ "fcffl v^T ffffl? % 3 „ ^fe 
JsfeTiPAfflDNA 4* ft Bl # -b v V co®L\z l±KHib*M < . £1 hT 16 T* #> ft li v ^ < oT* t 
[ 0 0 6 0 ] 

isftTii Affl D N A + ^aiJK^-^-iHSTi: LTli, TM<7>i: 7 tc W 3<'r± * ffl ffl t 

TfiJffl-t-£*& DTi£-?£>£o ZcoMa. MR-*— *-m.fc=F <?>lHlSit»*orHT?*>S ffl 
[ 0 0 6 1 ] 

z ft ^ <?> f£ 31 77 -fe -v h *mn^^\zm-A-tZ>Tzbb<T)m{zJ-WAmT>N Alt. ±mM% tlz 

tev^xeftf it§7'7 a$ k ft ^ * m ^ x . ^ mm \z co n vix* ftm-t & - t s 

-So -f tLT(l> ^i&*>Hifefl 1 IcieiS^UR A 3 ««fflDN A- 1 *lcaiK^-7}- 
isfeTi: LTH I S 5 js^T^I? At. URA 3 jfi fis^Er Jtg&ft <r> m lz p h a C^o^m 
*tnSVphbB^ f63E ^7 -b -y h * ff Air § t . n x j> > g ^tt * v — # — LT 
. Si^fe#I<?)UR A 3 ic iff H £HC g ft3t€T^i? A£ €^i€f^AfflDN A^: 
ft it -5 C t jb*T* § £ . 
[ 0 0 6 2 ] 

Ifif ^Affl D N A^#t? y° => * 5 h*a, II ft ^ IM K . fJittJMl 0 9 ^ D H 5 a \z 
i> A L . a£*H®^*S^L. Jgft-b x f um.M't^lz Jc 9 ^!4S<^ 7' => 7. 5 K ^Alii 
~? Z> Z b t)*T>£ & (Sarab r ookfl, Mol ecul a r cloning :A 
Laboratory Manual. Second Edition 1.42—1. 
47. Cold Spring Harbor Laboratory Press (1 
9 8 9 ) ) . if:, 7i^')-a (Br i nb i o ira H. C.,# Nucleic 
Acids Res. 7 : 1513-1523 (1979) ) *>tfiffi<r> 7 * 5 K If M 

V V ft t'^m V^T ^-{-ft^mT'Jh £ . :^7"7X; K ^ fiTf g£ # jT2 K K l£ lC ffl £ 3 t 

SlT'tHUL, ^ft^iafST^Affl D N A h L T mm-f Z <?> b*m % Lv^ PCRvi^ffl 
[ 0 0 6 3 ] 

^#^^HK^V*IC tt. ^n^^xkS, "J ^ A>£ ( T a k a g i M. J 

B a c t e r i o 1 . 167:551-5 ( 1 9 8 6 )), t^^ixft (Kasus 
k e A . # Yeast 8:691-697 (1992)) f ft^btiTu £ * 

T-IL BTXt (San Diego. C A USA) l^)ELECTRO CELL 
MANIPULATOR 6 0 0 4fflufc, ^f^^f MiBIO MEDICAL CO 
RPORAT I ON CO. LTD (Tokyo J a p a n) |wBM 6 2 0 0 ( 2 m 
m gap blue cap)^m^o^±t*J:9rj>fc°^>Mfflll3^gfWL.jIfS 
TilAfflDN A tn\zmm^>i iliR^-7>-3afeT^#^ ^^^lii^i'iSi L 

ftv^gt^T±g« L . [Hits 3 a ^- Jc ») g 95<?>^fe#g^lC3l'fKT^Affl D N A frffl A 

^ ft ^ 7, 7 'j - — > ns. 

[ 0 0 6 4 ] 

@ mme^m xn<^ * ? >; nhntz^ n - . p c rvs^^ ; 

f>M^7*'J ^^-y 3>-S (Samb r ookll, Molecular c 1 o n 
ing:A Laboratory Manual. Second Edition 9 



. 31 — 9. 57. Cold Spring Harbor Laboratory P 
ress ( 1 9 8 9 ) ) ic =k 9 S^lcfi 1 7 3 t **T*§ 5. PC RffiT'tt, A ~t £ * fe # 
± <?> it ft T M ^ ^ ^ => A -7- \zm^ & t . T^D-xy^tMllicfeoT, W±BX 
l±iES4^§§^DNA'0 K $ tiS ;b*. $ At* TM±ffp Ail ft^lcIS C tz^y K ^ 

t&tii£*i£o L^L. iift^^g ®\Z19\> <?>©Ffr . 00 £ liffl |bPI4<t> ?S cnffifr \z I? A 2 

ft £ HJ" '14 #> *K f ^i^, P C RSTtt»g?l ftv^it £-**£>£o C <^ a . 
■y 7 ^ >f y -j r >f -tf— 3 >^^^Ai--SS%fe#Ji^3i'feT<^ffllB]ffl^x.tcfflv^- 

£G5r «k 9 5* SB k: fF ft SitftTffi^ffl^T P C R&^if 7 3 t tc «k ») c i: fc*iiJ 

[ 0 0 6 5 ] 

_hl£<7> 77 v£ % ffl X . p h a C f&Sl # -fc v V 7kU p h b B^tM^^v h<^iiA^@©l&m 
#-fc -v h Sue ft -5 £ Ttf 7 £ £: ic £ 0 . # IE Wj <?> 0 M Ik « # fc* 381"? § -5 . 
[ 0 0 6 6 ] 

^'ffi^ 1 o L W# fc^rv^^fflv^T 4j*^BH<7>P H A £-/£lc R ^ i" -g. 3a T if ^ 0 ii 
ALtSfil^^tKitSZfci'TlS. fjxijr. iUK^ 7 - ^7-iiftT LTii 
ffiLI4^ - ^-iiftT^ffli^TiaftTii Affl DNAtlAt^Sp^ 0S3te8m*>3iJRk:ffl 

1 0^^1K«tlc*fe#lc^ A£ ftfcjgJK^- ^7-iaftT ^F£*i-*Ui. S^iaft^ii 
A<0^-77- i: Lxmm-t £ Z t jb*T'#. <^ 3a ft^iP Affl D NA^i|At§CJ: ^T' 
§ C^T^vSii. Mz-isnm 2002-209574 ^ & & ic IC « <o it ft ^ flfc v£ & t 
fc'fUffl? § § o Hk: . IKv- # - it ft T M ic h i s GitftTKffn-^^n^ti^Ai- 

&£-*-S*fc*aj#.50k:»ftT** Affl DNAffllti:tf?§5 (Al an i ^ Ge 
netics. 116:541-545(1987)). 
[ 0 0 6 7 ] 

^^mxWhiitz # '1 xxt ;u ^j^t*<7) loTi>SCM3 1 3 - X 2 B t* (-gftS^ : F 
ERM BP-08622) li . 2 0 0 4 ^211 1 3 B tfX. n^fM^ AMmttWrUa 
W^Ffrtf HF £ *fo it -fe > 9 - ic 7* r ^ * h tcSo'uTirff K £ tlT § „ 

[ 0 0 6 8 ] 
(5) 3UR^-#-*>HI«?3>£ 

^^HH^ilJRv- # - <D [hHS ?a It. ^7-iaftT i: LTADE 1 iaftT^fo^ 

* > ^-7;^ - wft=? n^mm.mx.^^f 7 z t \z & *> . sua d e i itftT 

StK^tfStt^^T'*^ ^ M A D E 1 it ft =f- * m£ * - t ic «k ») . Mlcff^ 
fii^ft 7 Jf^. ADE 1 mfkl'^mumn^ - * - Mfk=r h LTffluKt^T0§ 

o 

3 ti * T* . *v*n • -fe u tr >- ■ x ft if T ^ T 1*1 ffi [a] ffl ^ x Ic J; ») ilJR - ^7 - ia ft 

ftiit^: i: a & frl T' o df- ^ > t» ^ r • ~? >V V - +MC X 9t=t H ffl IB] 

itc Jc ») ilJR-7- ^-ilft^^l^Si- ti. <biiTi^ft^o fe. 3iiR^-^-iaft 

ft L T ti . _h i£ <?> J: 7 ic . ^fflW'l4iaftf ^^^W^'tt^fflffi-t ^iaftf^ffl c i: 
i'T?g> fJ^IJADE 1 iaftT. URA 3 3aftf . H I S 5 itft =fm Vf h ti & * 
^BHlcfcv^T li. iljR-7- ^7-iaftf <^l%*^^7 7 -31JK«r^ft A D E liaftT^fflv^ 

o 

*f&B^<7>73 y£ tc fcv^T . ADE 1 itftTtcffilBjftilftf **g^-$ -frfct^TJ't 7>f rtffl 
MISi tc Jc *J ^iA D E 1 iaftf "t -5 - fc § -S A D E 1 ilftf <7)_hiSE* 

fcliTiftfc A D E 1 iaftT^-g^^la^^ t <^<7)75 fc*. f^«!**#©T*> ») . ^^ft 
iaftf ^Sl#*fe#lc ^ $ ftv^^T-^ff 

SJK^- ^7-iaftT^>^f WffllBIffl^xtcfflv^itftTlffM-tcJff tcftij^lift < . SJRv- 

^7 - it ft t **n s ® ic t§ ftg l ft it ft ^ m n- % m n n & m ^ ^bh ^ ^jafj ic fc x it 

ADE liaftT<^5 ' JzmffiftnfefcTffifr&m^rzt}*. 3 ' *S^^7>^iaftT»fn-^ffl 



1 0 El ± . J: 9£fi;L < t J 2 0 0 S El ii . ^tc£f£L < tJ 3 0 0 SSI-UT'J>I). 

ip^. _hie ( 4 ) tcieis^. m&rm xm d n a^ihr-^- Ji-mfc=t<?> 5 1 

vm± 3 ' *^lc ^- Dfn-^tf Ai-tili «k * f& Bfl <?) Tra tc fcv^T . ADE 1 
mfc^txt. T^^ti5lSS^J*^4 5 ^<^jb»§f* Lv\ |E?iJ 3 T-^ 2 ft 

£ ^ S ffi £U t i . candi da ma 1 tos ai^^^^T^^o 3 co ~H v£ . ADE 

Hi 2 \zft=f- foWmffl.i%z.\z Jc £ # - <?> 0 « H 5^ ^ i" * 02tcfev^T. Jf§ $R 1*1 <?> IS: 
^li . A D E 1 mfc=t<r> G e n eB a n k lc g li 2 ft T u £ ffi^J <?> 5 ' ^ <7>g^t: 

[ 0 0 6 9 ] 

1*1 ffi IU ffi $1 £ ic «k 9 . ff ALfzMH^-X-mfcT jb*P&3c2 ft ^TaviTl! 
i • IlRtSC ki?*T?§S. mz.lt. + ^?f >H (Snow R . Nature 
21 1 : 206-207 (1966) ) t Dp lift £ ^ >£ ^ fU m ~f Z> Z t h*X £ £ . II ^ & 

l . i Eff m 3 o °c xn m ® \z m^-t z> z t \z & *) . - * - a m t * i- s t* ^ f*5t & ic 

tlT'§S. I <^ ® i£ £ II ^ # 7* U - h \zmtM L . 3 0"CT-2 Hfflggigf. 1% 

i«^7° U - h ^ffluftt£#fe ^ n_-t LTlbtiS. ^-^-H-feT^U R A 3 3a 
=F i% a \z It . ^'Jy^ii^vM^^yiiiS-FOA ( 5 — F 1 uo r o-Or o t i 
c-Ac i d) <t> ft fp T <?> *fc T £ W LT < £ n --^MJKi-ftti =b 3<7>Jc7#li 
;b* * v^-^- It . U "7° 'J Ji ft ^ ffi c tA'T-n. 
[ 0 0 7 0 ] 
( 6 ) #'Ji^f*^!H!fen>fn-* v£ 

it^C i: ^ iff Wi t i- § & <?> T« £ . 
[ 0 0 7 1 ] 

f tifti^C^nt-^-^fflufcp h a C <?> il -b -y h&Vp hb B <F> ii -b v V 
h<^iiAi(lcMLT. phaC <7)^m^7-b -v h <ni$ A%t~£m < ~t Z> Z t \z J: o X if 7 It 

Zco «k 7 &!fftt^l# of^Iiil^li, ±lzE<^ (4) tc 12 <t> 7a tc J; *) ffM~t%> Z b X 

^31^7-b -y h <7>iP AS**0 C . fflv* & "/n 7 & 

CirlcJcoT. tHnifyTi* > ^ffl^ i: 5> T * <0 ©J !J ^ H T* § S „ 

[ 0 0 7 2 ] 
( 7 ) tg«fSM 

*%B^^# ') z. T n<7> mMli ft \t . ±ie^#^HK^#^iS« LT#^ft**g*!W*^ 

P HAniSlifif S^P h b B<y>^3i.y7-b -y h T'ilfstl^ ft/iSI#^lg^-t^ct 
lc J: S jK :n x t 1 n, </> JSl it l± x =k 7 tc L Tff 7 c i: § -5 . igft tc ffl v^S j^^il^ i: 



t? *g *fe *> s & If! T § ■& . *g^MJgli*<^»<^£W^ft6&SJgT£>ii«:&v*a*, 2 O'C^b 
4 Ot^^f* Lu„ *g ft iff ^ ic ii iff ic (HI M It & v > jb*. l~7HggT^u. ^<?>lt. # <b 
flfz ig^®#Xl±iS^*&^ «b * 'J x * t 1 ;u % |5| JR -* *Uf & v * . 
[ 0 0 7 3 ] 

*%BH<^^S Lv^flgi: LTtJ. _h IB J£ l£ 3K LTtt)ll«^)ili*SI« 7ia-*|^ 
tc ti n — T ^ # > ^ ^ ffl -6 3 t frX § -5 . 

fl& flfc 8£M i: L T li » fj £ if . -7 ? > BK ^ -4- > ^ . Jr ? 9 ym. # > BK 7^'J>i 
» *U >BK >*>i 5 *>BK 'J ; u >BK 5 if<7>flSfa • 

fammm. *>sv*ia c ft^ws^x; T^^^jgft ^ jj& jw b& ^i** w btis. 

7i3-i|tLTIi> f J x. li s -7 9 J — tl . ^*r*f J — >l x * 7 7 ; — ^ , f y A 7 ^ 
n — ^ x 7 ^ 'J t jl- =i — ^ . ir V -i >i T >i n — >i ^ ;b*# l-f <o ft £ „ 

n — 7i*>kL-rii, f J x. ti\ n ^ +*- > . n — Or 7 9 y , n — f* ii > . n — K f* # 

> ' x n - -f- h => ■f' ^7 > V If "b ft -5 . 

§ # flg <?) jf n-. igiUltt 5 tc V -t? *^/fl]-* § C i: tc J: o T £ 3 t T* % £ . 3 

<bic. ^-^Ifif^f^lijlt^ c i: tc «k 9 . iflglibH^ft^t^c 

[ 0 0 7 4 ] 

m m m t l x it . fj£tf7> iftT>t-^A, m wt ~r y t — ^ a , >; > ie t > 

Mfi^M t L t a . fj x. a > ^7 ^ a , >; > llr^/ ^ a . > r ^ ^ ^ 

u . 6t ie v r * ^ ^ a . jis fb + h ^ a 4 tr t-f «b ft s = 

* <d tiL<r>^ifo%£*gtu t L x t± t 3 ; . #0 x. a r ^ > . t => — y . -b >; > . 7. u ^ - 
> . -f xi > ^ ^ ^ x tr ^ 3 > M . iW x a tr ^ 3 > B 1 . tr 9 3 > B 1 2 . tr ^- ^ > . - 



[ 0 0 7 5 ] 

• 0 J-IX L . «k V > 9 ) - >im\z «k 9 ife^Lfc^. i±-5.o 3<^S 

j; o t a ^ ^ l . <t> ^> ic > 9 j — >i ^ ^- > ^(jo nMt% ^ fin x ft ') x 7. 

K** S -t±T * 3z 7, t- ^ ^ -5 C i: **T* § -S . 

[ 0 0 7 6 ] 

# «b ft # 'i 3: 7. ^ ;b <^ ^ffi 1 It . Mx.lt. if x 7 n v h r v 7 ^ ^ ^H>f\^D,f|vi 4 if tc «k 
•? ff 7 3 i: -So SM¥i5J5>T*^)fJJ/^lc . GPCSHJffl-pgS. li\ 0xR 
LfcSS^'J v-t, ^nn*^^SfSLt<7)*>, 3<^jgj**S h o d e x K 8 0 5 L 
(BHfamittW) L /ia^MftP/fM G PCy *^ A^^l^ffl 

L T##f-* 5 o 5>T*^^^t> 7°;b ic I i rfj Ml! <^ ^ ?P # 'J 7, ^ U > ft if fe*f£fflT 

O S o 

[%B^<^^^] 

[ 0 0 7 7 ] 

*IEB^ic J; 0 . ^^^tt^offft/c^tt^^-t * TlS-^it (1) T'^£ft£3-tKn 
>- T ^ ^^it^ftlDLT^IiftlpI 'J x x t ^ $ , S^#lc is v^T $7j^© Ic 4llt S 

z i: ft o fc. iifc. mwiztevixn^m^mtzTmATk^h^mizft •? z t t^m 



[ 0 0 7 8 ] 
[ 0 0 7 9 ] 

L B *g*fe : 1 0 g /L h ') 7 h >\ 5 g / L * . 5 g /L MU. L B 7 L - h 60 

if fn t J . » X ^ 1 6 g / L ic & £ J; 7 tc fin £ £ . 

YPD^tl: 1 0 g/Lgf xifX, 2 0 g/L* 'J^7'h>, 20g/L7i3-x„ 
YPD7L-h60f^tt, «X^2 0 g/LlcSrSJc^lcfttJ^So 7T->ttYPDtg 
*fe <z> fi§ n" li - Tf->^ 0 . 1 g/Lims. 

YMiSft : 3 g/LSf x^rA, 3g/L7ihx^^, 5 g/L^n-<^h>. 10 

g / L ^ ^ 3 — 7, „ 

S D tgifc : 6 . 7g/L7; J m^f^ ^-^F-hPyi>^-X (YNB) . 20g/ 
L /4 3-^ 0 t f- - y ^ i% ifc<7) if n a T - y t& 2 4 m g / L v&fln ~t £ = ^ V ; J > # 
iliZi&^M alt t> ') ; J > ^ 0 . 1 g/L^^of^, t X ^ > # 1r *3 ±fc if & t X * ^ 

> ^ 5 0 m g / L "t £ » SD7L - h<^Jtafl*X^2 0 g / L lz % £ £ i lz1]U z_ & 

o 

[ 0 0 8 0 ] 

Mlgilil : 0 . 5g/L 5tg£^ r * y ^ ^ x o . 1 g / L MM. . 0. 4mg/Lf7;>\ 
0. 4 m g / L tr H y >\ 0. 4mg/L^>b^>S£77^^ r 7A. 2mg/L^ 
>-h-^. 0. 0 0 2 mg/L^tf>, 0. 0 5mg/Lift:t, 0. 0 7mg/Ll 
8£^#(K 0. 0 lmg/L*')!, 0. 0 lmg/Ltlti, 0. 0 lmg/L3^fU 
M ^ u . 87. 5mg/L')yt2*l* , )')i,, 12. 5 mg/L 'J >i 1 *i2 ^7 

i^<r> if a it . 1 g/LSIt7> t^^z.t/jDx^. fit^T 7 > t - t> u Jk if ~r y M 
i^m^m ^lt . MJgtfclc 1 g /L <J0fif ^ U t 2 4 m g / L tf> T J P^> ^TjDx. Z> 

. ffiWt T > t - ^ a Jk U T t 9 - > • ^ 1 j x > # ^ M to Hil <7) it n" t J . M it IC 1 g/L^Wi 
|7>t--)AJ:24mg/L^TfzyH. 1 g/L^^ 'J y fit > 

^ - u ^ v t 7 s - y • t y^iiMtgt&toMalt. M i-fe ic 1 g / L <t> mm ~r y =e 

- *7 U t 2 Amg/L^-r^-yt 5 Omg/L^t X ^ ^ y ~% ^jn x . fif^T^t-^ 

uJkVT T — y • *y ') is y • t ^ > -#*M±gtfe^ii □ ti . Migi-fiilc 1 g / L <^> fift i& t 

> t- 1 ) A h 2 4mg/ / 'L<7)"F^ — >i: 0. 1 g/L^O^ ^* > t 5 Omg/L^tXf 
^ > ^ ^jn x. ^> o 

[ 0 0 8 1 ] 

M2tgife : 12. /Sg/LtSlTvt-')!,, 1. 5 6 g/L 'i >i2*i^7 ') ^A, 
0. 3 3 g/L M >^ 1 tK*^7 M ^ a • 3 TKfnif^K 0. 0 8 g/L^£^7 'J 0. 5 

g/LJ^ft+h'i^A. 0. 4 1 g/LSItv^^y 7A • 7*ftf, 0. 4g/Lffil 
jj >i y ^ -U • 7 Tkfn^ . 0.01 g/LUit$k (III) -4 ^fn^Mc N 2 w/ v % 
A ^- -i Ji t Umizmffl LfcK-xiU>4 (lg /m L (II) -7 Tkfn^. 

8 g/mL6r^#M (II) -7 ^<fn^. 6 . 4 g/mLSIiv> (II) -4 Tkfn 
0 . 8 g/mLfifi^llH (II) -5 *fn^) 0 . 45ml /L^v»i)-§ 0 J^^35 t 
L T x m m ~& 2 0 g / L v^^jn -f % 0 
[ 0 0 8 2 ] 

^#<JO i*#:tg=ft li . 5 0ml Mlf s 5 0 0mlin77^nt>Svni2L«n77X3 
tiv^Tftofco 5 0mlM,#W^Jfn 3 0 0 r pm. 5 0 0 m 1 «n 7 7 Xntol^ 1 
00~1 lOrpm, 2Liixn7^7. zi^Ma 9 0 — 1 0 0 r p mTJg t 7 tgft L „ t§ 
f figli . Jr ^ i: 7' u - h jrg ft t ^ IC 3 0 °C T* cb I) , 
[ 0 0 8 3 ] 



mmmM^mii . > - jj-<r>m^-t %> Jxft^fr, *s^asamb r o o k mm » u o 1 

ecular cloning Laboratory Manuals Secon 

d Edition. Cold Spring Harbor Laboratory 

P r e s s ( 1 9 8 9 ) \z IBK <D ~h v£ \z ^ o X ft o tz . 
[ 0 0 8 4 ] 

* IE BH <?> #| ]5& tc u T » # < <50rtJix<?>^ -v h £ ffl \, * a* . ^ Ic lit ^ & o BR *) M ft <?> f$ ffl ifc 
« tc t£ o T tf o *z . 
[ 0 0 8 5 ] 

1 ) ffiit^ 9 9 Mfflitfe^^- #-lnI«S!flfcij!ffl3H5^<7>fE®l 
$Mjc^J; ^7>-^2*l£:URA3isfe4^^--77--i: LTjfov^ H - ^ ffl ^ ^ 9 -T'$> 

5pUTU-l? ge^ij 7 JkV 8 ic ie« (del-sal-5, d e 1 - 

s a 1-3) ^fflv^TSt r a t a g e n ettiM 7 ?f i>y^7 Mel •) URA3 
jfife^ + <7> S a 1 I MMBM*f 4 V Lfc^??-pUTU-de 1 s a 1 ^fFftSI L 

fco 3 <?> . pUTU-de 1 s a l^bSa 1 I hXh o I T'URA31isf t^UL 
. *73 ^ £ti L ^DrA^f?^ p UTU - 1 ^ X h o I ■* 4 h lc^AL/i^7 X; h'pUTU- 
2^(^1/1. pUTA-1 (WOO 1 /8 8 1 4 4lcEI) i^)ADE ll^ftpU 
TU-2<?)Xho I Mc?o-->7L, pUTU-2-Ad etfflL/:. pUT 
U-l^vbf ?o-->r*n^)Sa 1 I ^ 4 V \z . pUCl 1 9 ic ^ n-^> r$ 
tlTv^cH I S 5t€f t rip UTU 1 - H i s^fFilt, Mlc. pUT 

U-2-Ade^)7j^?D-->7*^^)Sa 1 I ^ 4 V \z . H I S 5ifif 
-->7LpUTU-2-Ade-Hi s ~k ff M L tz . 
[ 0 0 8 6 ] 

pUC 1 9W7if ?n-->r*ntNo t I-Sph I-Sa 1 I-Xho I - N 
he I-Swa I - E c o R I let ILf:7'7 ^ ; F p UC-N x^Sp h I - S a 1 I 
■^4 Mc U R A 3 is Ik 4^ 5 ' *3BSB#*9 3 4 0 b a s e fcEflJg-^- 9 1 0 iclfi®^ 
7°^^^- (ur a-sph-5, ur a - s a 1-3) ^ffluT^vX; h'pUTU- 
de 1 s a 1 =k9ifi|iML?n! — — >nf;. c^^^^-^Nhe I — S w a I ^ 4 Y \z 
U R A 3 iafeT<^ 3 ' *3BS&##9 4 6 0 b a s e ^ffi^JS^- 1 2 k:SB«<7> 7 4 

v - (ura-nhe-5, ura-swa-3) tfflv^TP C RiffiL ? n-^> 
fc. Z 60 J; 7 ic L T . U R A 3 tiffl D N A - 1 $ 7 1 7 X I $ tlfc. 

[ 0 0 8 7 ] 

iX \z. URA3t«fflDNA-l t#t?^7X SH^sal I-Xho I ^ n ic, pU 
T A - 1 <r> A D E 1 it feT^JI * SHI S^" 1 3j&Vl 4 tcIQi£<7> ^7^7- (ade-s 
a 1-5, ade-xho-3) tfflv^TP C RiglB • }f ALTURA 3 ftifflDNA- 
2 * a- 1? 7' => 7. 5 KSf^WLfc. 
[ 0 0 8 8 ] 

UR A 3 iSfflDNA- 3 (7-*-HIgl) t#t?7"7X; K li . ADE 1 fifST^ 5 
' *3ffig&#*3 6 0 0 b a s e ^EflJS^- 1 5 1 6 lciet£<7) t/ 7 4 v - (ade-xh 
o-5, ade-nhe-3) ^fflv^T P C RJtll L U R A 3 B^J^ffl DNA-24ttf7' 
7X; F^)Xho I-Nhe I 4 V \z ? a - — y 7 L T tt/^ $ -ft fc. 
[ 0 0 8 9 ] 

h i s 5 mmm dna (7-t)-@sd ^#t?7-7X;nipuc 1 1 9 ic ? a - ^ > 

r $ tiT £ H I S 5 JafeT<7> 5 1 5fcSW3&##9 5 0 0 b a s e 4SJiJS^ 1 7*^1 8 tc 
ie®^> 7° ^ 4 (hi s-sph-5. hi s - s a 1 - 3 ) ^fflv^T. H I 
=r<r> 3 * *SWg&#jR 5 4 0 b a s e fcSfllg-^ 1 § Tklf 2 0 lcie®<7> 7' >f v - ( h i s 
-nhe-5, his-swa-3)^fflv^T. URA3 flfcigtffl DN A - 3 ^#tf 7'7 x 
SNSphl-Sa 1 I 4 V . Nhel-Swal-t^h * Kixm x. £ m~Z * ^ii? 
iiM)X ? a - — y 7-f 3 =k *) fFtU L fc. 
[ 0 0 9 0 ] 



cmmm 2) ade i/ura3 /w i s 5 m feT mmn co fF m 

^ > t» 7 • -7 >l V - *f A C 1 6 ttc ^£ 1 Oml co±t£MWT° Y P D igilfllc T fo&.f&& L 
fc. 3<?>. SOigft L lml/1 0 0ml^P77^ni:^S=k7 Y M ig Hi ic ti ® 

L x 6 f Itaf tllLt. K % 2 Oml^lM So r b i t o 1 C»SL> 3 0 
Lt, Iti:i#t 1M Sorbitol 0. 5mllcIiL, n>ff>hiii: 
L fee 3<^3>f^>h ifflJia 0 . lmllc, HjMJ 1 WURA3 fifeiiiffl D N A - 2 %#t? 
7' 7 X 5 h'^Sph I i: S w a I T fell mm M JKLH L D N A % 0 . 1 mgtm£tM A '^ ^ 
>£ Ic =k -S m Til A ^ if o tz . fM^'txt^ltfct^f^^ h ic 1 M So r b i t o 
lfclmlAtl. ^K/tjT 1 fell S£ IE L . SD^L-Mciufc, ft 31 L tz n n - - =k ») 5fc 

& * v v co i; x. > k >i < ^ ( ^ Mat ai ) m ^ t m&ft d n a % ttj l . # <b 

ftfc*fcfe#D NA5(tgfo«3ai^)^ScaI, EcoTH K Scal+Ec 
oT14 I T'MMBMV&m LT-mWi L 0 . 8 %7 #d - A y i T'f o fc. Mo 

lecular c 1 o n i n g : A Laboratory Manual. Seco 
nd Edition 9.31 — 9. 57. Cold Spring Harbor 
Laboratory Press ( 1 9 8 9 ) Ic t£ o X Y >l h ^ -i # > H N + 7 ^ ^ 
57 - (77ytA?ii) l:llf7>X7T-Lfc. ^"f>^o';H*aiffl^n--/l±« 
U R A 3 iafe^ ft <?> K ?U T* £> £ Sea I N d e I DtA" (340bp) ^Gene Imag 

e7^')>^-#s^7h ( t is * u nm ) xmMWM l ^ t <^ * ffl ^ i ^ 

Mil AMI 2 24 7<7>t<7)i: ItK Ltt:^, if 14 1* ? li #3 5 7 0 b k b co^y H 
Sc a I+EcoTl 4 I Mill L D N A ***f Ic A D E 13H5T<7>URA3iHE ; ptt"\ 
co I? ^ i" 1 8 4 0 b p co > K t ^ -* #* * IjR L . c <?> We li . Scal^EcoT 
1 4 I KT^Ii^f t^L, URA3Ifif^)-o^ADE 1 am lz «k *) IE 

fit ic fi&J^ 3 ti t fillS 3 ti „ 
[ 0 0 9 1 ] 

#ac. z <?>t$ * ») ±ie TOttictifty l tz 3 > tr ^> h mm\z . ura 3 siniDNA - 2 

^#t? 7 7 x ; F ^le^JS^- 9 &V 1 2 lclQt£<7>7 7 -f 7-?p C Rvilc «fc 0 J#tS LfcD 
NAO. 5mgl)ni> _hlfi i: TO ti izM^ ti J: S Jl-fe^i? A^: if o fc. 

It t ic Y M^* 1 0 0 m lie ttf I 1 t±#t L /i „ M#-£0a|XL. MJStfe ( EftB&T > ^ 
-7^^r L) TI WtS^Lfzo M^i-fe ( fit > t - *) ) ic # L . 6 

M ic -f x 9 ^ y * H-ilS 0 . 0 1 m g /m 1 tc £ ^ J: 7 fin £ H ic 1 Bf ±g 

« L o l#tt#Li#tTf->A^SD7'i-McX7-i 7F'Lfc. tH M L * fe 

S^-2 1&V2 2 iztU.m^ y' y A ~? - u r a 3-5 fc u r a 3-S^fflv^T^iliM^tfo/i 
i: 3 •?> 7U > ^ h 4URA3Ifif f)0 . 9 k b <?> i# *S i: ^ Ic if M i" -5 2 . 3kb 

WDNA i 1 ! ^ L . ^ ») ic 0 . 7 k b <r> D N A *S L . KHJ g-^ 2 3 & V 2 4 ic IB 
®<7)7'^-f^-adeYl 1 0-5hadeYl 6 70-3^fflv^Tififri^tfo/ii:C^> 
1 . 0 k b co D N A <?> A it *I L fee Zti^<?)C t )b^, g|5fuffSi^iclog<7>URA3 
IftftilcfflofcADE 1 isfeT^IM^f i§^c|%S2 tiTv^ fcfOBf c <^ ^ 

^)-t*tU - Iff J:^gL, YK<r>%mzm^tz. 
[ 0 0 9 2 ] 

3<?)U- liJ; a>ff> 1 mm^MM L . H I S 5 DNAt#tf^7X; Ft 

ftiJFIS$* S p h I fc S w a I T°%im L l#M LtDNAO. 04mg ^^jnx.mf\^* ^ ^v* Ic 

D ~f V - h ic X 7 L -v K L 3 OtTO^^^-F Lt, HbS 3^ L n a — - J: *) y j uD 
N A*0iR Lfc. HIS 5 SftT + ^flfci&fflitft^ <?>H I S5iifeTi:fflfB]'tt<^^^^7> 

co 7 ^ > ^ > rmiiLco 7 ^ >r v - . in % mm.m m. &=t \z it # * ti x h i s 5 a *s t 

W^7^7-fJ)5h i s-s a 1 2 i: h i s - 1 9 0 0 ( ffifll g-^ 2 6) ^ffl 

UTV i^DNAJIitft ofcfcC^ >f > 9 ^ h * H I S 5 l&fcTW j X-?$> & 1 . 9 
k b co >x > k i: ft Ic H I S 5 tikMm D N A co *f A X T- 3b Z> 3 . 4kb 4i "t -2. ** * 11 iK 



L tz» 

[ 0 0 9 3 ] 

3 co ft ^ 5fe ^ L 75 v£ i: m Mco T? -i X 7 > if o . Tf-yttSD^ 

U - h IC X ■/ u -y H L . ibtlfctfeno^-J; *) y j ADNAtttffiL, hi s-sa 
1 2 th i s-1 9 0 0 ( Efll S-^ 2 5 & V 2 6) ifflv^y ^DNAHtliff ofci 
Z . O ? ? h^H I S5Ifif <?)t -( 1 . 9 kb <t> \* <?> & <7>igffi-&Vltb 

» ffl is T^: a A-fi-y y XT'i>S 3 . 4 k b 14 it fg L 4 fc> o tz . ade-xho-5 
th i s-swa-3 ( Efll S^- 1 5 & V 2 0 ) ^ ffl o T P C R Jt iffi * ff r> tz t Z *> . H 
I S5ifif ICADE llffin-^i^Lfcl . 2 k b co ^ y K jb*J#r|ig LTufc. Z co 

zhfrh. w^ntz-r h tm±$: < . # ^ iai ffl im ffi in £ #s 

h fi tz co X° $> Z> tmU£ iifz, 

[ 0 0 9 4 ] 

#ac . :^)tti!)3>^f>l> IfflUa^ §HS!i L . H I S 5 fi&JSiffl DNA$at?7*7 x ; H ^ 
aiSiSph I fcSwa I T'^aiiiLtDNAO . 0 5 m g ^£ i]n £iM ^ ^ X v£ lc 
=k -5 m ^ A % tf o o z <?> ® # % s t x^y'>$#t?SDy 1/ - h lc xy 1/ -y KL3 

h IC I ~7° M ii L . tXfy>Mtt^fft„ ibtlfctXf y>^jRttf|J; •) y ; AD 
N A ^ ft ft L . h i s-s a 1 2 kh i s-1 9 0 0 (ffi^iJS^2 5 & V 2 6) ^fflv^T 
rJAD N Aififfifcfr ofckz ^ ittt T it i" * iltzH I S 5ifif^)^ A XT'* 

-5 1. 9 k b H lil^tcBfeJ^fflia-S^^^A,/*^"^ y 3 . 4 k b ^itHtS 

t*^jljRLf- 0 c </> 14 h i s-s a 1 2 i: a de-xho-3 ( ffi^J g-^ 2 b JkU \ 4 
) tfflufcPCRici^HI S5Iftf ticADE 1 **ffl * & * il C £ fit 

[ 0 0 9 5 ] 

c <7)t*^^cic^ l Ac77>£ is] ti <^> yy v£ t y- y mm fit o t ^—yjkv n 

y > S D 7' U - 1 ic X7' L -y K L . » <b ft * fe => n - - J: ») ^^ADNA^tttiiL 
fco c^fUDNAth i s-sa 1 2 kh i s-1 900 (E^iJf f 2 5^V2 6 ) 
%m^T Y J A D N A if *I £ o i: 3 ^> ^ T T'SW <o flfcgt 3 ft £ H I S 5Ifef 
iO-y y XT** 1 . 9 kb wo K co & co if ifrg ^ If. 36 . 6& Si ffl ilfe T ^ #A, yi^o y XT 

* -5 3 . 4 k b tt if *I L & ft* o - t ^>j8cVT7 , ->S^tt%SDyi,-K tx 
f y>##SD^L-FMlflC7f->^!;txf yO#tSD^^MCL^^f§ 

^TfiSlfL. 7f-> • tXf y>^)2l*ff^tttt^^lti: Lfc. 3 tf> ft tf> 1 t* £ ^f- 

\> y 4 ¥ • v ;u h - *t A H - I 5 ** i: ^ L yc . 
[ 0 0 9 6 ] 

a h - i 5 1*^ j= ») n > ^ ^ > h mm^mm l . uras 6^«m DNA-3t#t?^7x 

5 K * ftO Plg£ * S p h I tSwa I T- «HM L It SU L D N A * 0 . 0 2 5 mg#£tM^ 

^ XVS IC =t -5it€T4| A*ff o tZo ZCOMW^. 9')y>y tXf y>4#tfSD7'u- 

h IC X y L -y K L 3 O'CT'2 B ^ -f > - -* - h L tz » Hi M ^ n ~ - * , n X ^ > * # 
tf S D 7' L - F t y>ktXf y>t#tfSD^l-MCL- 7* 'J y L ^ M > ^^14 

tt^IjRLfc, :iiJ:^fefrDNAt0«Lur a3-5Ur a3-3 

2) ^fflv^TPCRifitiS^tfoyiiiC^^^^^h^URAjaiK^^O. 9kb 
co ;<> K L , nft 9 lc^J«m3aiK^^-y XT** 2 . 9 k b co if ifrg % fit If, L „ 

C co \z X ^ *J > • ^7ix^2M^>l<'l4t*i r )|*l<^lo^. df- ^ > t» ^ 5r . 7ih-*HU- 
5 9 1 nitia L 7z o 
[ 0 0 9 7 ] 

H U - 5 9 l^^^\z^Ltz^^tmmco^mX'+ ^9 ^ymm^n-ytz. T^-y, 

tXf y'^^lf^'jy'^M SD^L-MCX^L >y F U ibtltffennz-,): •) y 
i ADNAtttaiLfc, u r a 3-5 i: u r a 3-3 (Se^iJS^2 I RU 2 2) ^fflv^T 
P C R it m * ft 4 ^ . URA31ftf ICADE 1 lifeT **a# A $ ft 2 . 9kb^OH 
t^m'k L » nfc 0 tURA 3 ifef ICADE 1 iafeTlff iA o ^ XT** 1.2k 



b fri^^U L X 5 tff&MH L fe. ^ x > & V t * x > & UT ^ — > ^jRtt % . T =r — 

f- s 7f->SV') 'J yyttSD^l-F, 7 f ^> S V t X f y > S D 7" L - h 

» 7f ->#fS D 7* L — h „ t y>#fSD 7' L, — h x 7 ') y > #t S D 7' I - h 

M V IC S D 7' U — h \Z U 7° V # "f -5 * T* fil j& L . T — y • t X > • 77y)K?)3l 

*f^$ttff^)%^L/:. 3 «c * > 4 5r . v ;|, h -*AHU- 7 1 t* t ffr g L 7c 

[ 0 0 9 8 ] 

-tz Z t b*T*£ fc. ^ic. fi£ Si 31 T a* ABf <^ g fa^§&te^<7)f¥ & < T < 

[ 0 0 9 9 ] 

t jb* T* § -S C t Tjk 2 fl fz . 
[0 1 0 0] 

(mmm s ) * 'i^Sfftizm^-tzMMme^^M*^ v v ^mm 

A > f >f -7 4, h-^T'PHA^)tSilfif&^7tF7tf iC o Ail/cS^ii 

€T^^3a^-t±€)^:a6ic. n n <n 5 ' a -rue a * > ^ r • n, h - +>- £ * 7° n ^ - 

? - % . 3 ' Turtle 7 - 5 * - ? - * jg*S -5 C t \Z L 7c . ^nt-^-iiLTlJAl k 
2 it feT- (GenBank X5 5 8 8 1) <r> -f n =e - 9 - <D ±ft£lc A R R E?!J * ft 7jn L 
f;7nt-?-ARRp$, 3 * T5fUc li 4± lc A * > f- 4 *? • vj^-^^AI k 1 it f£ 
T (GenBank D0048 1) ^?-;^-?-ALKl t &Mffi~t2> Z t \Z L 7c 
□ A R R p Ill^fJ; ^^il/citfe^ (S#JS^ 6) <?> P s t I^^McEcoR 

1 - X h o I ';>^-*Jfg^-$^. EcoTH htSJllif 2 7t^Lfc^D 
N A ~k Id d 2 i± 3 3 t ic «k 9 % X h o I&VNde I T*7J 9 ttS i" 3 t <D tB * 3 ic ^fH L 
7c o pUAL 1 (WOO 1/8 8 1 4 4 ) $E c o R I T't]]it, f 7t*^£L 7 ^ y- 
yH>$ft7ChlcJ: , )EcoR] tfl ||f g& ft % 1% £ LfcpUAL2 ~&ffU L t. pUAL 

2 * P u v I I /P u v I Tt/IKr L x p S T V 2 8 (SSitSiM) <oSma I /P u v I 
I hlciSn^tpSTAL 1 ~k W U L . :wpSTAL l^Ec oR I/Nde I 

L . Tfetji^t ARR p Unn^> pSTARR*ffllLfc. 
[0101] 

SJUif 4tEK^DhaC ac 1 4 9 N S fc* ^ ^ ^ A x V - a ic g£ H ~t h & 7 ic. ^ ^ 

# A x * flft tc ^ ^ ir A x v - u m IS] x r + ^ % ft L . ft /jn i~ -5 ^ ^ * A x v - a E isj 

y7+ULTIt *UAy«i:Ser-Lys-Leu (SKL) ^)7^ ji^ffi 
ffltSCtCL/:. )XlcpUCNTl:?n-->r^tiTofcphaCac 14 9NS^ 

mm\z lt, le^os^- 28t29$7'M7-t Lxm^j-m^ l. pstarr^nci 

e I. P s t I +*M Mc ^ a" £ -t± . pSTARR— ph a C a c 1 4 9NS4i?Lfc. 

ERIKIN ELMER APPLIED B I O S Y S T E M S QM^> D N A is - 9 
i>*-3 1 0 Genetic Analyzer^ffli^o 
[0 1 0 2] 

. iM^^rR Lfz* * > t» >f r • -7 4, h - ^Htc ^ K > L fcffifljg-^- 5 lciet£</0 
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SEQUENCE LISTING 

< 1 1 o > mmt^xmn^^n kaneka corporation 

< 1 3 0 > B 0 4 0 0 7 0 

< 1 6 0 > 38 

< 1 7 0 > Patentln version 3.2 

< 2 1 0 > 1 

< 2 1 1 > 594 

< 2 1 2 > PRT 

< 2 1 3 > Aero m onas caviae 

< 4 0 0 > 1 

Met Ser Gin Pro Ser Tyr Gly Pro Leu Phe Glu Ala Leu Ala His Tyr 

15 10 15 



Asn Asp Lys Leu Leu Ala Met Ala Lys Ala Gin Thr Glu A r g Thr Ala 

20 25 30 



Gin Ala Leu Leu Gin Thr Asn Leu Asp Asp Leu Gly Gin V a 1 Leu Glu 

35 40 45 



Gin Gly Ser Gin Gin Pro Trp Gin Leu lie Gin Ala Gin Met Asn Trp 

50 55 60 



Trp Gin Asp Gin Leu Lys Leu Met Gin His Thr Leu Leu Lys Ser Ala 

65 70 75 80 



Gly Gin Pro Ser Glu Pro Val Me Thr Pro Glu Arg Ser Asp Arg Arg 

85 90 95 



Phe Lys Ala Glu Ala Trp Ser Glu Gin Pro lie Tyr Asp Tyr Leu Lys 

100 105 110 



Gin Ser Tyr Leu Leu Thr Ala Arg His Leu Leu Ala Ser Val Asp Ala 

115 120 125 



Leu Glu Gly Val 

130 



Arg Gin Tyr Val 

145 



Pro Glu Leu Leu 



Arg Gly Leu Ala 

180 



Leu Asn lie Arg 

195 



Leu Ala Leu Thr 

2 1 0 



Leu lie Gin Tyr 

225 



Leu lie Val Pro 



Pro Gin Asn Ser 

260 



Phe Met lie Ser 

275 



Leu Asp Asp Tyr 

290 



Pro Gin Lys Ser 

135 



Asn Ala Met Ala 

150 



Lys Leu Thr Leu 

165 



Leu Leu Ala Glu 



Leu Thr Asp Glu 

200 



Pro Gly Arg Val 

215 



Ser Pro Thr Thr 

230 



Pro Phe lie Asn 

245 



Leu Val Ala Trp 



Trp Arg Asn Pro 

280 



Val Val Asp Gly 

295 



Arg Glu Arg Leu 

140 



Pro Ser Asn Phe 

155 



Glu Ser Asp Gly 

170 



Asp Leu Glu Arg 

185 



Ser Ala Phe Glu 



Val Gin Arg Thr 

220 



Glu Thr Val Gly 

235 



Lys Tyr Tyr Me 

250 



Leu Val Ala Gin 

26 5 



Gly Val Ala Gin 



Val lie Ala Ala 

300 



Arg Phe Phe Thr 



Leu Ala Thr Asn 

160 



Gin Asn Leu Val 

175 



Ser Ala Asp Gin 

190 



Leu Gly Arg Asp 

205 



Glu Leu Tyr Glu 



Lys Thr Pro Val 

240 



Met Asp Met Arg 

255 



Gly Gin Thr Val 

270 



Ala Gin lie Asp 

285 



Leu Asp Gly Val 



Glu Ala Ala Thr Gly Glu Arg Glu Val His Gly lie Gly Tyr Cys lie 

305 310 315 320 



Gly Gly Thr Ala 



Gin Lys Gin Arg 

340 



Phe Ser Gin Pro 

355 



Ala Ala Leu Glu 

370 



Gin Leu Ala Val 

385 



Asn Tyr Tyr lie 



Asp Leu Leu His 

420 



His Asn Ser Leu 

435 



Gly Glu Leu Lys 

450 



Thr Pro Val Leu 

465 



Gin Gly Thr Trp 



Leu Leu Ala Glu 

500 



Ala Asn Lys Tyr 

515 



Leu Ser Leu Ala 

325 



Val Arg Thr Ala 



Gly Glu Leu Gly 

360 



Ala Gin Asn Glu 

375 



Ser Phe Ser Leu 

390 



Asp Ser Tyr Leu 

405 



Trp Asn Ser Asp 



Leu Arg Arg Leu 

440 



lie Arg Asn Thr 

455 



Leu Val Ser Ala 

470 



Gin Gly Me t Lys 

485 



Ser Gly His Me 



Gly Phe Trp His 

520 



Met Gly Trp Leu 

330 



Thr Leu Phe Thr 

345 



lie Phe lie His 



Ala Lys Gly lie 

380 



Leu Arg Glu Asn 

395 



Lys Gly Gin Ser 

410 



Ser Thr Asn Val 

425 



Tyr Leu Glu Asn 



Arg lie Asp Leu 

460 



Val Asp Asp His 

475 



Leu Phe Gly Gly 

490 



Ala Gly lie lie 

505 



Asn Gly Ala Glu 



Ala Ala Arg Arg 

nor 

0 0 3 



Thr Leu Leu Asp 

350 



Glu Pro lie lie 

365 



Met Asp Gly Arg 



Ser Leu Tyr Trp 

400 



Pro Val Ala Phe 

415 



Ala Gly Lys Thr 

430 



Gin Leu Val Lys 

445 



Gly Lys Val Lys 



lie Ala Leu Trp 

480 



Glu Gin Arg Phe 

495 



Asn Pro Pro Ala 

5 1 0 



Ala Glu Ser Pro 

525 



Glu Ser Trp Leu Ala Gly Ala Thr His Gin Gly Gly Ser Trp Trp Pro 

530 535 540 



Glu Met Met Gly Phe lie Gin Asn A r g Asp Glu Gly Ser Glu Pro V a 1 

545 550 555 560 



Pro Ala A r g Val Pro Glu Glu Gly Leu Ala Pro Ala Pro Gly His Tyr 

505 570 575 



Val Lys Val A r g Leu Asn Pro Val Phe Ala Cys Pro Thr Glu Glu Asp 

580 585 590 



Ala Ala 



< 2 1 0 > 2 

< 2 1 1 > 246 

< 2 1 2 > PRT 

< 2 1 3 > Ralstonia eutropha 

< 4 0 0 > 2 

Met Thr Gin Arg Me Ala Tyr Val Thr Gly Gly Met Gly Gly lie Gly 

15 10 15 



Thr Ala lie Cys Gin Arg Leu Ala Lys Asp Gly Phe Arg Val Val Ala 

20 25 30 



Gly Cys Gly Pro Asn Ser Pro Arg Arg Glu Lys Trp Leu Glu Gin Gin 



0 



5 4 0 4 5 



Lys Ala Leu Gly Phe Asp Phe Me Ala Ser Glu Gly Asn Val Ala Asp 

50 55 60 



Trp Asp Ser Thr Lys Thr Ala Phe Asp Lys Val Lys Ser Glu Val Gly 

65 70 75 80 



Glu Val Asp Val Leu Me Asn Asn Ala Gly Me Thr Arg Asp Val Val 



85 



90 



95 



Phe Arg Lys Met Thr Arg Ala Asp Trp Asp Ala Val lie Asp Thr Asn 

100 105 110 



Leu Thr Ser Leu Phe Asn Val Thr Lys Gin Val lie Asp Gly Met Ala 

115 120 125 



Asp Arg Gly Trp Gly Arg Me Val Asn lie Ser Ser Val Asn Gly Gin 

130 135 140 



Lys Gly Gin Phe Gly Gin Thr Asn Tyr Ser Thr Ala Lys Ala Gly Leu 

145 150 155 160 



His Gly Phe Thr Met Ala Leu Ala Gin Glu Val Ala Thr Lys Gly Val 

165 170 175 



Thr Val Asn Thr Val Ser Pro Gly Tyr lie Ala Thr Asp Met Val Lys 

180 185 190 



Ala lie Arg Gin Asp Val Leu Asp Lys lie Val Ala Thr lie Pro Val 

195 200 205 



Lys Arg Leu Gly Leu Pro Glu Glu lie Ala Ser lie Cys Ala Trp Leu 

210 215 220 



Ser Ser Glu Glu Ser Gly Phe Ser Thr Gly Ala Asp Phe Ser Leu Asn 

225 230 235 240 



Gly Gly Leu His Met Gly 

245 



< 2 1 0 > 

< 2 1 1 > 

< 2 1 2 > 

< 2 1 3 > 



0 
0 



2196 
DNA 

artificial 



< 2 2 0 > 

< 2 2 3 > artifical sequence 



< 4 0 0 > 3 

taacagtatg atttttttcc ctctcccgtc gattgaggtt ttttttttct ctttcgtctt 60 

ggtcttttgc ttttcactcc aaaaatggaa acacgcgcgg ctcaactcga aatccgtgat 120 

c a a a a a a a t a a a g g c t g t g a g 1 1 1 c g a g c c a a t a a 1 1 a t g a a 1 1 a g t g g t a 1 1 1 1 1 1 1 1 a 18 0 

a a g a t a a a t a a t c a a g a a t c g c a 1 1 a g g g a g a c g a a t a t g c g 1 1 a 1 1 c a a a t a a a a a g a c 2 4 0 

aattctttta gggtagcatt tcccttcaag ttcatcccac atgtacatta atgtcaatga 300 

tgtcgcagaa gttaaattag cagaagaaaa aaaaaatgtg aattactccg agtcaactct 360 

tctttctctt cttctttttc ttctttatca ccataatcac caccaccacc accaccacca 420 

g c t c c c a g a t g a c 1 1 c a a c t a a c 1 1 a g a a g g a a c 1 1 1 c c c a 1 1 g a 1 1 g c c a a a g g t a a a g 4 8 0 

tcagagatat ttaccaagtt gacgacaaca ctcttttatt cgttgctact gatagaattt 540 

ccgcatacga tgtgattatg tctaatggta tcccaaataa aggtaaaatc ttaaccaaat 600 

t g t c t g a a 1 1 c t g g 1 1 1 g a t 1 1 c 1 1 g c c a a 1 1 g a a a a c c a 1 1 1 a a t c a a a g g a g a c a 1 1 1 6 6 0 

tccaaaaata tcctcaacta gaaccatata gaaaccaatt ggaaggcaga tccttacttg 720 

ttagaaaatt gaaattgatc cctcttgaag ttattgttag aggttacatc accggttccg 780 

gctggaaaga ataccaaaaa tctaaaaccg tccacggtat tcctattggt gatgtggttg 840 

a a t c a c a a c a a a t c a c t c c t a t c 1 1 c a c c c c a t c c a c t a a a g c a g a a c a a g g t g a a c a t g 9 0 0 

atgaaaatat caccaaagaa caagctgaca agattgttgg aaaagaatta tgtgatagaa 960 

ttgaaaaaat tgctattgat ttgtacacca aagccagaga ttacgctgcc actaaaggaa 1020 

1 1 a 1 1 a t c g c t g a t a c t a a a 1 1 1 g a a 1 1 1 g g 1 1 1 a g a t g g t g a c a a c a t c g 1 1 c 1 1 g 1 1 g 10 8 0 

acgaagtttt aactccagat tcttccagat tctggaatgc tgctaaatac gaagttggta 1140 

aatctcaaga ctcttacgat aaacaatttt tgagagattg gttaacttct aatggtgttg 1200 

ctggtaaaga tggtgttgct atgcctgaag acattgtcac tgaaaccaag agcaaatacg 1260 

ttgaagctta cgaaaattta actggtgaca aatggcaaga ataaattaag gatatctatt 1320 

attaaagctt tctatttatc ccaaactttc gtagtatttt ctgacatgtt cagatgtttt 1380 

t a c 1 1 1 a t c t 1 1 c c t g a a a t 1 1 1 1 g a 1 1 1 c t a a c c g a c t c 1 1 g c a t g t a g c t c 1 1 g a t a a 14 4 0 



tgcaacatat gcttgaccat tagcaaaact tctacctaaa tctattttga ctctgtccaa 1500 

agtttgacct tgagctttgt ggatcgacat cgcccacgac aagatcattt ggtttgttct 1560 

cgagtaacag tatgattttt ttccctctcc cgtcgattga ggtttttttt ttctctttcg 1620 

tcttggtctt ttgcttttca ctccaaaaat ggaaacacgc gcggctcaac tcgaaatccg 1680 

tgatcaaaaa aataaaggct gtgagtttcg agccaataat tatgaattag tggtattttt 17 4 0 

tttaaagata aataatcaag aatcgcatta gggagacgaa tatgcgttat tcaaataaaa 1800 

agacaattct tttagggtag catttccctt caagttcatc ccacatgtac attaatgtca 1860 

atgatgtcgc agaagttaaa ttagcagaag aaaaaaaaaa tgtgaattac tccgagtcaa 1920 

ctcttctttc tcttcttctt tttcttcttt atcaccataa tcaccaccac caccaccacc 1980 

accagctccc agatgacttc aactaactta gaaggaactt tcccattgat tgccaaaggt 2040 

aaagtcagag atatttacca agttgacgac aacactcttt tattcgttgc tactgataga 2100 

atttccgcat acgatgtgat tatgtctaat ggtatcccaa ataaaggtaa aatcttaacc 2160 

aaattgtctg aattctggtt tgatttcttg ccaatt 2196 



< 2 1 0 > 4 

< 2 1 1 > 1/85 

< 2 1 2 > DNA 

< 2 1 3 > Artificial 

< 2 2 0 > 

< 2 2 3 > synthetic DNA 

< 4 0 0 > 4 

atgtctcaac catcttatgg tccattgttc gaagctttgg ctcattacaa tgataaattg 60 

ttggctatgg ctaaagctca aaccgaaaga actgctcaag ccttgttgca aactaacttg 120 

gatgatttgg gtcaagtttt ggaacaaggt tctcaacaac catggcaatt gattcaagct 180 

caaatgaatt ggtggcaaga tcaattaaaa ttgatgcaac acactttgtt aaaatctgct 240 

ggtcaaccat ctgaaccagt tattactcca gaaagatctg atagaagatt taaagctgaa 300 

gcttggtctg aacaaccaat ttatgattac ttaaaacaat cctatttgtt aactgctaga 360 

catttgttgg cttctgttga tgctttggaa ggtgtcccac aaaaatctag agaaagattg 420 



a g a 1 1 c 1 1 1 a c t a g a c a a t a cgtctcc^ct a t g g c t c c a t ctaatttctt g g c t a c t a a c 4 8 0 

c c a g a a 1 1 g t t a a a a 1 1 g a c 1 1 1 g g a a t c c g a t g g t c a a a a 1 1 1 g g 1 1 a g a g g 1 1 1 g g c t 5 4 0 

ttattggctg aagatttgga aagatctgct gatcaattaa acattagatt gactgatgaa 600 

tccgcttttg aattaggtag agatttggct ttgactccag gtagagttgt tcaaagaact 660 

gaattatatg aattaattca atactctcca actactgaaa ccgttggtaa aaccccagtt 720 

1 1 g a t c g 1 1 c c a c c a 1 1 c a t t a a t a a a t a t t a c a 1 1 a t g g a t a t g a g a c c a c a a a a c t c c 7 8 0 

1 1 g g t c g c 1 1 g g 1 1 g g t c g c t c a a g g t c a a a c c g 1 1 1 1 c a t g a 1 1 1 c c t g g a g a a a c c c a 8 4 0 

ggtgttgctc aagctcaaat tgatttagat gattatgttg ttgatggtgt cattgctgct 900 

ttggatggtg ttgaagccgc tactggtgaa agagaagttc acggtattgg ttactgtatt 960 

ggtggtaccg ctttgtcttt agctatgggt tggttggccg ccagaagaca aaaacaaaga 1020 

gttagaactg ctactttgtt tactactttg ttggatttct cccaaccagg tgaattgggt 1080 

atttttattc atgaaccaat tatcgccgcc ttagaagccc aaaatgaagc taaaggtatt 1140 

atggatggta gacaattggc cgtctccttc tctttgttga gagaaaactc tttatattgg 1200 

aattactata ttgattctta cttaaaaggt caatctccag ttgcttttga tttgttgcac 1260 

tggaactctg attctactaa tgttgccggt aaaactcata actctttgtt gagaagatta 1320 

tatttggaaa atcaattggt taaaggtgaa ttaaaaatta gaaacactag aattgattta 1380 

ggtaaagtta aaactccagt tttgttggtt tctgccgttg atgatcacat tgctttatgg 1440 

c a a g g t a c c t g g c a a g g t a t g a a a 1 1 g 1 1 c g g t g g t g a a c a a a g a 1 1 1 1 1 a 1 1 g g c c g a a 15 0 0 

tccggtcata ttgctggtat tattaatcca ccagctgcta acaaatacgg tttctggcac 1560 

aatggtgctg aagctgaatc tccagaatct tggttggctg gtgccaccca tcaaggtggt 1620 

tcctggtggc cagaaatgat gggttttatt caaaacagag atgaaggttc tgaaccagtc 1680 

ccagccagag tcccagaaga aggtttggct ccagctccag gtcactatgt caaagttaga 1740 

ttaaacccag ttttcgcttg tccaaccgaa gaagatgctg cttaa 1785 



< 2 1 0 > 5 

< 2 1 1 > 741 

< 2 1 2 > DNA 



< 2 1 3 > Artificial 

< 2 2 0 > 

< 2 2 3 > synthetic DNA 

< 4 0 0 > 5 

atgactcaaa gaattgccta cgttactggt ggtatgggtg gtattggtac tgctatttgt 
caaagattgg ctaaagatgg ttttagagtt gttgctggtt gtggtccaaa ctctccaaga 
agagaaaaat ggttggaaca acaaaaagct ttgggtttcg attttattgc ttctgaaggt 



a a t g 1 1 g c t g a 1 1 g g g a 



g a a g 1 1 g a t g 1 1 1 1 g a t 



a c t a g a g c t g a 1 1 g g g a 



a a a c a a g 1 1 a 1 1 g a t g g 



g 1 1 a a t g g t c a a a a a g g 



c a t g g 1 1 1 c a c t a t g g c 



g t c t c t c c a g g 1 1 a c a t 



a a a a 1 1 g t c g c c a c c a t 



t g t g c 1 1 g g t t g t c 1 1 c 



g g t g g 1 1 1 g c a c a t g g g 



tc tactaaaact gctttcgata aagtcaaatc cgaagtcggt 



aa caatgctggt attactagag atgttgtttt tagaaaaatg 



gc cgttattgat actaacttga cttctttgtt caatgtcact 



at ggctgataga ggttggggta gaattgtcaa catttcttct 



ca atttggtcaa actaactatt ccactgctaa agctggtttg 



tt ggcccaagaa gttgccacta aaggtgttac tgtcaatacc 



gc tactgatatg gtcaaagcca ttagacaaga tgttttagat 



cc agtcaaaaga ttgggtttgc cagaagaaat tgcttctatt 



ga agaatccggt ttttctactg gtgctgattt ctctttaaac 



t a a 



< 2 1 0 > 




6 


< 2 1 1 > 




754 


< 2 1 2 > 




DNA 


< 2 1 3 > 




Art 


< 2 2 0 > 






< 2 2 3 > 




s y n 


< 4 0 0 > 




6 


a a g c t 


tg 


c a t 


t g t g c 


1 1 


1 1 1 



tgtgcttttt tttttgtttt caatttgaaa gtttttttat ttccgcaata caaaattatt 



ttttatccgc tcatgtgctt ttttttttgt tttcaatttg aaagtttttt tatttccgca 



atacaaaatt attttttatc cgctgaccca gatcctctag agtccatgtg cttttttttt 



tgttttcaat ttgaaagttt ttttatttcc gcaatacaaa attatttttt atccgctcat 300 

gtgctttttt ttttgttttc aatttgaaag tttttttatt tccgcaatac aaaattattt 360 

tttatccgct gacccagatc ctctagagtc catgtgcttt tttttttgtt ttcaatttga 420 

a a g 1 1 1 1 1 1 1 a 1 1 1 c c g c a a t a c a a a a 1 1 a 1 1 1 1 1 1 a t c c g c t c a t g t g c 1 1 1 1 1 1 1 1 1 1 4 8 0 

g 1 1 1 1 c a a 1 1 t g a a a g 1 1 1 1 1 1 1 a 1 1 1 c c g c a a t a c a a a a 1 1 a 1 1 1 1 1 1 a t c c g c t g a c c 5 4 0 

cagatctcga ctctagagga tccccgtttt tttatttccg caatacaaaa ttatttttta 600 

tccgctttcc gttcctttct tcttgtgata aatctcaaca attatatata tcattccata 660 

accctgaata attttttttt taagtccttg gtttcttttt ttagaaaaaa aggtgaatca 720 

gtaaaatttt tgttatttat cattttaact caca 754 



< 2 1 0 > 


r- 

1 




< 2 1 1 > 


30 




< 2 1 2 > 


DNA 




< 2 1 3 > 


Ar t i ( 


i c i a 1 


< 2 2 0 > 






< 2 2 3 > 


prime 


r 


< 4 0 0 > 


/ 




c t c t g t g 


cat c 


a g t g g a c g t 


< 2 1 0 > 


8 




< 2 1 1 > 


30 




< 2 1 2 > 


DNA 




< 2 1 3 > 


Ar ti f 


i c i a 1 


< 2 2 0 > 






< 2 2 3 > 


prime 


r 


< 4 0 0 > 


8 




t g t g g 1 1 


t g a a 


c g t c c a c t g 


< 2 1 0 > 






< 2 1 1 > 


35 




< 2 1 2 > 


DNA 




< 2 1 3 > 


Ar t i f 


i c i a 1 



0 



0 



0 



0 



< 2 2 0 > 

< 2 2 3 > primer 



< 4 0 0 > 
a a 1 1 g c 



a t g c c a g t a c 1 1 1 1 1 1 g t g t a a c a 1 1 c a c 



< 2 1 0 > 10 

< 2 1 1 > 30 

< 2 1 2 > DNA 

< 2 1 3 > Artificial 

< 2 2 0 > 

< 2 2 3 > primer 

< 4 0 0 > 10 

aattgtcgac atgaaaagtc gtcgattatg 30 



< 2 1 0 > 11 

< 2 1 1 > 30 

< 2 1 2 > DNA 

< 2 1 3 > Artificial 

< 2 2 0 > 

< 2 2 3 > primer 



< 2 1 0 > 12 

< 2 1 1 > 38 

< 2 1 2 > DNA 

< 2 1 3 > Artificial 

< 2 2 0 > 

< 2 2 3 > primer 

< 4 0 0 > 12 

ttaattaatt taaataattt cgaagattac gatgaagt 38 



< 2 1 0 > 13 

< 2 1 1 > 34 

< 2 1 2 > DNA 

< 2 1 3 > Artificial 

< 2 2 0 > 

< 2 2 3 > primer 



< 4 0 0 > 
a a 1 1 g c 



1 1 

t a g c c a a g g g g 1 1 1 g 1 1 g a t g 1 1 g 



< 4 0 0 > 



13 



a a 1 1 g t 



c g a c t a a c a g t a t g a 1 1 1 1 1 1 1 c c c t c t 



34 



< 2 1 0 > 14 

< 2 1 1 > 34 

< 2 1 2 > DNA 

< 2 1 3 > Artificial 

< 2 2 0 > 

< 2 2 3 > primer 

< 4 0 0 > 14 

aattctcgag aacaaaccaa atgatcttgt cgtg 34 



< 2 1 0 > 15 

< 2 1 1 > 34 

< 2 1 2 > DNA 

< 2 1 3 > Artificial 

< 2 2 0 > 

< 2 2 3 > primer 



< 2 1 0 > 16 

< 2 1 1 > 31 

< 2 1 2 > DNA 

< 2 1 3 > Artificial 

< 2 2 0 > 

< 2 2 3 > primer 

< 4 0 0 > 16 

aattgctagc aattggcaag aaatcaaacc a 31 



< 2 1 0 > 17 

< 2 1 1 > 31 

< 2 1 2 > DNA 

< 2 1 3 > Artificial 

< 2 2 0 > 

< 2 2 3 > primer 



< 4 0 0 > 
a a 1 1 c t 



15 



t a a c a g t a t g a 1 1 1 1 1 1 1 c c c t c t 



< 4 0 0 > 
a a 1 1 g c 



17 

a t g c g g t c c a c a c t a a g a a a t g 1 1 t 



< 2 1 0 > 18 

< 2 1 1 > 30 

< 2 1 2 > DNA 

< 2 1 3 > Artificial 

< 2 2 0 > 

< 2 2 3 > primer 

< 4 0 0 > 18 

aattgtcgac agcttaatgt ttggatcaga 30 



< 2 1 0 > 19 

< 2 1 1 > 31 

< 2 1 2 > DNA 

< 2 1 3 > Artificial 

< 2 2 0 > 

< 2 2 3 > primer 



< 2 1 0 > 20 

< 2 1 1 > 35 

< 2 1 2 > DNA 

< 2 1 3 > Artificial 

< 2 2 0 > 

< 2 2 3 > primer 

< 4 0 0 > 20 

ttaattaatt taaatcaaat tgttgacctt tgttc 35 



< 2 1 0 > 21 

< 2 1 1 > 24 

< 2 1 2 > DNA 

< 2 1 3 > Artificial 

< 2 2 0 > 

< 2 2 3 > primer 



< 4 0 0 > 
a a 1 1 g c 



1 9 
t a g c 



a g a 1 1 1 a g g g g 1 1 c t g a a 1 1 g 



< 4 0 0 > 
a t g g t a 



2 1 

t c c a c c a a a a c a t a c a c c 



2 4 



< 2 1 0 > 



22 



< 2 1 1 > 24 

< 2 1 2 > DNA 

< 2 1 3 > Artificial 

< 2 2 0 > 

< 2 2 3 > primer 

< 4 0 0 > 22 

aatttcgaag attacgatga agtt 2 4 



< 2 1 0 > 23 

< 2 1 1 > 24 

< 2 1 2 > DNA 

< 2 1 3 > Artificial 

< 2 2 0 > 

< 2 2 3 > primer 



< 2 1 0 > 24 

< 2 1 1 > 24 

< 2 1 2 > DNA 

< 2 1 3 > Artificial 

< 2 2 0 > 

< 2 2 3 > primer 

< 4 0 0 > 24 

a a c a a a c c a a a t g a t c 1 1 g t c g t g 2 4 



< 2 1 0 > 25 

< 2 1 1 > 38 

< 2 1 2 > DNA 

< 2 1 3 > Arti f icial 

< 2 2 0 > 

< 2 2 3 > primer 



< 4 0 0 > 
t a a c a g 



23 
t a t g 



a 1 1 1 1 1 1 1 c c c t c t 



24 



< 4 0 0 > 
a a 1 1 g t 



25 

cgac aattcattat tacagagtaa gatttggt 



< 2 1 0 > 

< 2 1 1 > 

< 2 1 2 > 



26 
23 
DNA 



< 2 1 3 > Artificial 



< 2 2 0 > 

< 2 2 3 > primer 

< 4 0 0 > 26 

ttctgtgctgttggtgatttcat 2 3 



< 2 1 0 > 27 

< 2 1 1 > 83 

< 2 1 2 > DNA 

< 2 1 3 > Artificial 

< 2 2 0 > 

< 2 2 3 > synthetic DNA 

< 4 0 0 > 27 

gtccttggtt tcttttttta gaaaaaaagg tgaatcagta aaatttttgt tatttatcat 60 
tttaactcac atatgaagat ate 83 



< 2 1 0 > 28 

< 2 1 1 > 99 

< 2 1 2 > DNA 

< 2 1 3 > Artificial 

< 2 2 0 > 

< 2 2 3 > primer 



< 4 0 0 > 28 
a c a c a t a t g t 

a a a 1 1 g 1 1 g g 



ctcaaccatc ttatggtcca ttgttcgaag ctttggctca ttacaatgat 60 
ctatggctaa agctcaaacc gaaagaact 99 



< 2 1 0 > 29 

< 2 1 1 > 45 

< 2 1 2 > DNA 

< 2 1 3 > Artificial 

< 2 2 0 > 

< 2 2 3 > primer 

< 4 0 0 > 29 

atggtactgc agttacaatt tagaagcagc atcttcttcg gttgg 45 



< 2 1 0 > 30 



< 2 1 1 > 22 

< 2 1 2 > DNA 

< 2 1 3 > Artificial 

< 2 2 0 > 

< 2 2 3 > primer 

< 4 0 0 > 30 

actaacttgg atgatttggg tc 2 2 



< 2 1 0 > 31 

< 2 1 1 > 22 

< 2 1 2 > DNA 

< 2 1 3 > Artificial 

< 2 2 0 > 

< 2 2 3 > primer 



< 2 1 0 > 32 

< 2 1 1 > 22 

< 2 1 2 > DNA 

< 2 1 3 > Artificial 

< 2 2 0 > 

< 2 2 3 > primer 

< 4 0 0 > 32 

a g 1 1 1 1 g a t c g 1 1 c c a c c a t t c 2 2 



< 2 1 0 > 33 

< 2 1 1 > 20 

< 2 1 2 > DNA 

< 2 1 3 > Arti f icial 

< 2 2 0 > 

< 2 2 3 > primer 



< 4 0 0 > 
c t a a 1 1 



31 

t c 1 1 g g c t a c t a a c c c 



< 4 0 0 > 
c a t g a a 



c c a a 1 1 a t c g c c g c 



0 0 



20 



< 2 1 0 > 

< 2 1 1 > 

< 2 1 2 > 



34 
22 
DNA 



< 2 1 3 > 



Artificial 



< 2 2 0 > 

< 2 2 3 > 



primer 



< 4 0 0 > 
g 1 1 g g t 



34 

1 1 c t g c c g 1 1 g a t g at 



22 



< 2 1 0 > 35 

< 2 1 1 > 31 

< 2 1 2 > DNA 

< 2 1 3 > Artificial 

< 2 2 0 > 

< 2 2 3 > primer 

< 4 0 0 > 35 

ccggaattca tatgactcaa agaattgcct a 31 



< 2 1 0 > 36 

< 2 1 1 > 39 

< 2 1 2 > DNA 

< 2 1 3 > Artificial 

< 2 2 0 > 

< 2 2 3 > primer 



< 2 1 0 > 37 

< 2 1 1 > 31 

< 2 1 2 > DNA 

< 2 1 3 > Artificial 

< 2 2 0 > 

< 2 2 3 > primer 

< 4 0 0 > 37 

aattgtcgac ggtccacact aagaaatgtt t 31 



< 2 1 0 > 38 

< 2 1 1 > 30 

< 2 1 2 > DNA 

< 2 1 3 > Artificial 



< 4 0 0 > 
c t g c a g 



36 
1 1 a c 



a a 1 1 1 a g a a c c c a t g t g c a a a c c a c c g 1 1 



< 2 2 0 > 

< 2 2 3 > primer 

< 4 0 0 > 38 

aattctcgag caaattgttg acctttgttc 30 
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